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REPAIRING GERMAN VANDALISM BY ELECTRIC 
WELDING. 


By COMMANDER KE. P. Jessop, U..S. NAvy, MEMBER. 


On the 6th of April, 1917, the interned German and Aus- 
trian vessels located in the port of New York were taken over 
by the collector of customs for safe keeping, the crews being 
sent to Ellis Island and interned. These vessels consisted of 
the Vaterland, Katser Withelm II, Koenig Withelm II, Prest- 
‘ dent Lincoln, President Grant, Barbarossa, Grosser Kurfurst, 
Hamburg, Harburg, Pisa, Nassovia, Frederic der Grosse, Prin- 
2ess [rene, Adamsturm, George Washington, Martha Wash- 
ington, Magdeburg, Prinz Joachim, Allemenia, Prinz Eitel 
Frederich, Pennsylvania, Armenia, Portonia, Maia, Clara 
Mennig, Dora, Ida, Himalaya, Indra, Mattador, Bohemia. 
These vessels were located at various places in the port, 5 
being at 135th Street, 15 of them at the Hoboken piers, 2 at 
29th Street, Brooklyn, N. Y., 4 at 65th Street, Brooklyn, N. Y. 
Martha Washington at Stapelton, Staten Island, Himalaya 
at Newark Bay. Of these the Martha Washington and Him- 
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alaya were in the courts under libel and therefore were not 
available for our use. 

Immediately on taking over these vessels the Shipping 
Board appointed a committee of engineers to make a survey 
of the vessels and superintend the repair of them, while the 
Collector's office was responsible for their care and preserva- 
tion until such time as they were taken over by the Shipping 
Board for repaiss. 

The orga” ‘ration of the Collector’s office did not have the 
necessary t:chnical experts to care for these vessels, and an 
officer was therefore detailed by the Commandant, New York 
Navy Yard, to assist the Collector in this respect, and he 
acted in that capacity until all the vessels were turned over 
to the Shipping Board. 

It had been announced in the public press previously that 
the machinery of these vessels was very badly damaged and 
an inspection of these damages was made by a board of naval 
officers appointed by the Commandant shortly after the dam- 
age was discovered and some time before this country entered 
the war. 

This inspection developed the fact that the vandalism on all 
vessels was, in general, the same, which would indicate that 
general instructions had been issued to all commanding officers 
by the same agent. It also appears that the parts damaged, 
as a rule, were those probably on hand as spare parts in the 
home ports of the vessels. In case this country did not enter 
the war, the ships could be again commissioned by utilizing 
spare parts already provided. . 

It was appreciated that the rapid repair of these vessels was 
of the greatest importance and to that end the Collector ap- 
pointed a Board of Railway Engineers to investigate the dam- 
age to the machinery to these vessels with a view to the use 
of electric welding where it could be done satisfactorily. This 
Board, headed by the Consulting Engineer of the Erie R. R., 
consisted of the Electrical Engineer of the New York Central, 
the Mechanical Superintendent of the Erie, one general foreman 
from the Erie, and one general foreman from the New York 
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Central. These gentlemen were all thoroughly familiar with 
the use of electric welding on the railroads. The railroad engi- 
neers were probably the only ones in this country who had 
made any extensive successful use of electric welding in con- 
nection with cast iron. Their services were offered to and 
accepted by the Collector. 

The Shipping Board had also appointed a Board of En- 
gineers to inspect these vessels. The inspections by these 
two Boards were made at the same time, although the Boards 
worked separately. The report of the Board of Engineers for 
the Shipping Board recommended the renewal of all cylinders 
which were badly damaged. These recommendations were 
made without any idea of the use of electrical or other methods 
of welding and were therefore not of any use as to time and 
cost if welding processes were applied. The report of the 
electric welders committee was unanimous in stating that all 
damaged cylinders could be reclaimed. This report was 
made after this committee had been cautioned to be very 
conservative in their statements with regard to what they 
could do, as it was important that the work be completed in 
such manner as to render the engines of these vessels as 
reliable after repair as they had been originally. The electric 
welders committee reiterated their report that all the cylinders 
could be saved. 

Great opposition to the electric welding of cast-iron cylin- 
ders developed among certain engineers and it was with the 
greatest difficulty that consent was obtained for a trial of this 
method. With so much at stake, and considering the time 
element, the logical procedure would be to repair one cylinder 
by this method and to put this cylinder through a series of 

drastic tests. Unfortunately this methed was not pursued, 
and the controversy with regard to the methods to be applied 
in these repairs continued until the larger vessels were turned 
over to the Navy Department to be fitted as transports, about 
the middle of July, 1917. 

All told, the principle of electric welding has been applied 

to 15 ships in the port of New York. Of these 15 ships all 
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are in commission and will probably be ready for service 
before this article appears in print. In no case known to. the 
writer will the repairs to the propulsive machinery of the 
vessels delay them beyond the time necessary to equip them 
as transports. In other words, by the use of electric welding 
all of the vessels will have been gotten out as quickly as 
would have been the case had no damage to the main ma- 
chinery been done by the Germans, the vessels being in other 
respect badly run down and in need of extensive overhaul. 

At first glance it would appear that the skepticism of marine 
engineers toward the electric welding of iron castings would 
indicate a lack of progressive ideas in the marine world, when 
it isa fact that the railroads have been using this method 
successfully for several years. This, however, is not neces- 
sarily the case, inasmuch as marine repairs do not bring into 
play the repair of cast iron as frequently as do railroad repairs. 
Cracking of cylinders is one of the most common of locomo- 
tive breakdowns. This, added to the imperative need of some 
method of quick repair for railroad equipment, has served to 
develop in this particular branch of engineering the use of 
electric welding far beyond its development in the marine 
world. It would appear that the engineering magazines have 
not kept pace with the times, or the great use which railroads 
are making of electric welding would have been more ex- 
ploited and the knowledge of this particular method of repair 
more generally disseminated. It is also true that the mechan- 
ism used in electric welding has had much to do with propa- 
gating the idea that cast iron could not be welded. The 
ordinary welding apparatus has not sufficient control of the 
electric current to insure proper heat at the point of the weld, 
thereby rendering electric welds very unreliable. For this 
reason the railroads were forced to expend large sums of 
money in developing a welding apparatus which did have this 
control, and they have today what seems to be a satisfactory 
equipment from this viewpoint. 

In order to successfully weld with the electric arc it is 
necessary to have complete control of the current. The arc 
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must be directed along the line of fracture to be welded. 
Welding must be done slowly, the metal being laid on layer 
by layer, and each layer must be caulked and peened to knock 
or chip out the metal that has oxidized or hardened. Cast 
iron is not welded to cast iron direct. Special alloy steel 
wire is used to supply the welding metal. In welding two 
cast-iron edges together a layer of steel is welded to each, and 
then these steel layers are welded to each other. It is diffi- 
cult to weld two cast-iron parts together, but comparatively 
easy to weld a steel piece to a cast-iron piece. 

The advantage of electric welding is that the work can be 
done without preheating the parts and without removing the 
parts from the ship (provided the electric arc can be properly 
directed along the fracture). 

After the electric welders committee had made their report 
and the consent of the Shipping Board Engineers had been 
obtained the railroads were called upon to furnish equipment 
for this work, and it is very much to their credit that all the 
apparatus necessary has been furnished from time to time and 
every effort has been made by them to assist in expediting the 
work. This frequently was to the detriment of their own 
work, since the operators and machines had to be taken from 
their shops. 

The damage done to the machinery of each vessel was pho- 
tographed and also drawings of the various breaks in the cast- 
ings were carefully made. The photographs were taken by 
the official photographer of the New York Central Railroad 
and the drawings were made under the guidance of Mr. H. A. 
Currie, of the New York Central, by New York Central 
draughtsmen. These drawings are to scale and give a very 
comprehensive idea of the damage done. The set of drawings 
made for the S. S. Prestdent Lincoln are shown in Figs. 1, 2 
and 3. Mr. D. W. Wilson, Jr., Vice-President of the Wilson 
Welder and Metals Co., Inc., of New York, gave his personal 
attention and supervision to the work of welding. 

The first vessel upon which this method of repair was tried 
was the Armenia, which had been taken to a private ship 
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FIG. 1. 
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FIG, 2. 
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FIG. 3. 
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yard for overhaul. The cylinders were removed from the 
ship to the dock, although this was unnecessary. The welders 
were put at work welding two nozzles on the main cylinders. 
None of the engineers of the shipyard believed in the process, 
and for that reason the welders worked under a handicap. 
This particular piece of work is interesting because when 
finished no caulking was necessary on these welds. When 
the first test was made some leakage developed in the weld 
and it was found that, due to the position of the cylinder, the 
welders had difficulty in reaching the points to be welded, and 
the work was not properly done. When the cylinders were 
turned over so that the operator could get at the work easily, 
the weld was very soon completed and a test of 75 per cent. 
above the working pressure showed no signs of leakage of any 
description. The vessel was very quickly placed in service at 
a cost for this particular part of the work of about one-fourth 
of what had been anticipated. 

The next vessel, the Massovia, had almost a similar job, 
that is, two steam nozzles to be welded. On this work an air 
caulking tool was used to caulk the whole surface of the weld. 
From that time on no weld was considered satisfactory until it 
had been thoroughly gone over by the caulking tool. It was 
found that on laying on the welding metal it might be porous 
in spots, but in addition to the necessity of closing up the 
porous spots, the hammering of these welds is sure to develop 
any hard or brittle metal, and where any such does develop, 
that part of the weld is immediately cut out and new weld- 
ing metal laid on. The writer believes it essential for safety 
that no weld, whether done by the electric process or by 
oxy-acetylene, can be considered safe for such work until it 
has been hammered and the weld proved in that manner. 

The Pisa was next welded, this being another case of 
welding main engine nozzles. One of the effects of the 
skepticism of engineers with regard to this work was shown 
when the Psa sailed from this port to Norfolk and, on arrival 
at Norfolk, it was reported that the weld had given way. 
Investigation demonstrated that two small pin holes had 
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shown up in the weld from which oozed an occasional drop 
of water, no steam issuing whatever, but there had been so 
much talk of the dangers of the electric welding that the 
engineers of the vessel were afraid to go to sea with it. It 
was only after the naval engineers from the Norfolk Navy 
Yard had pronounced the work safe that the engineers of the 
ship were prevailed upon to make the voyage. 

The Prinzess Irene and the Frederic der Grosse were sent 
to the Navy Yard, Brooklyn, N. Y., for overhauling. Com- 
plete photographic records of the work done on the main 
engines of these vessels were kept, and some are embodied in 
this article. The breaks shown on these engines were prob- 
ably as difficult of repair as any. These two vessels have 
been completed and are now in the transport service. From 
the start no trouble has ever developed with regard to the 
welds after they were pronounced finished. Some of these 
photographs show the break after being prepared for welding ; 
others show the cylinder with the insert fitted ready for 
welding, and others show the completed weld. It will be 
noted that the cast-iron side is studded. This is not done as 
a necessary part of this repair, as all tests of welds made by 
the welding apparatus have shown practically the same tensile 
strength as the material which was welded. This laying 
over of metal on the cast-iron side of the weld was merely 
done as a precaution and to increase the strength of the weld 
beyond that of the rest of the cylinder) Studding up the 
cast-iron side of the break has also been the subject of much 
criticism, numerous engineers having jumped to the conclusion 
that the repair was not made by welding the cast-iron nearly 
so much as it was made by welding around steel studs which 
had been embedded in the cast iron. This, however, is not 
a criticism which is vital, because it was only necessary that 
the cylinder welded be rendered as strong as before the break, 
and this undoubtedly has been accomplished in every case. 

The welding done on the Frederic der Grosse and the 
Prinzess Irene is the first straight electric welding in any of 
these vessels. In all previous cases the skepticism of the 
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FIG. 5.—SAME AS FIG. 4, INSERT IN PLACE READY TO WELD. 
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. 7-—PRINZESS IRENE, DAMAGED I. P. VALVE CHEST, READY FOR 
INSERT, PREPARATORY TO WELDING. 
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engineers who had immediate control of deciding upon the 
form of patches which should be used caused them to have 
patches cast overlapping the cylinder walls and there bolted 
to the walls, so that part of the pressure was taken by the 
bolts and not all of it by the weld, as is the case of the Frederic 
der Grosse and the Prinzess Irene. 

On the Koenig Wilhelm JI the original intention was to 
repair the cylinders by mechanical patches. ‘These patches 
were made of composition and in most cases were in the form 
of inserts between cast-iron sides of the breaks. When these 
vessels were taken over by the Navy Department all composi- 
tion patches were discarded and cast-steel patches substituted, 
but, due to the fact that the cylinders had already been tapped 
for the bolts of these mechanical patches, the cast-steel patches 
were bolted to the cylinders and then welded. The amount of 
fitting necessary to make a mechanical patch steam tight is 
shown by the fact ten weeks after the Koenzg Wilhelm I] repairs 
had started the machinists were still at work on these patches 
scraping them toa fit. The difference between this method 
and that of welding steel patches is shown by the fact that 
many of the patches on the Frederic der Grosse and the 
Prinzess Trene were fitted in 48 hours ready for welding. In 
other words, they are not fitted at all, but merely bevelled 
off to receive the welding material. 

On the Kaztser Wilhelm [7a slightly different condition was 
encountered in that the liners for the cylinders in some cases 
had pieces broken out of them. In the case of the low-pres- 
sure liners it was decided that the small area covered by the 
break did not justify the condemning of these liners. There- 
fore cast-iron inserts were made and welded in place and then 
ground down to the surface of the rest of the liner. New 
liners were cast for the high-pressure cylinders. 

Besides the damage to the cylinders and valve chests 
there were some cases of bent piston rods, broken pistons, 
broken cylinder covers, and various other smaller items of 
destruction. On the Kazser Wilhelm II the intermediate 
piston rod on each engine was badly bent, but not so badly as 
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to preclude its being straightened and replaced. This work 
is now completed. In no cases were the boilers of these ves- 
sels maliciously injured, and in very few cases were the major 
auxiliaries tampered with. From the methods used in dis- 
abling the machinery it would appear that the Germans had 
a definite plan in view, and it is very probable that all parts 
broken have duplicates already cast and ready in Germany to 
replace them at the end of the war. In a number of the ships 
the engines were disabled by breaking or throwing overboard 
the throttle valve. The procuring of new throttle valves has 
generally taken as much time as the repairs of the breaks to 
the machinery. ; 

The case of the Vaterland is quite different from that of 
any other of the ships. The Vaterland, being the largest 
ship afloat and the most complicated, seems to have had inferior 
engineering talent operating it. Her engines are of the Par- 
sons type of turbine, there being four ahead and four astern 
turbines on four shafts. All the ahead engines were found in 
excellent condition and all of the astern engines were found 
more or less damaged. The major part of this damage seems 
to have been due to faulty operation and not to any malicious 
intent. Cracks were found in the casing of the starboard 
H.P. backing turbine. These were so extensive that it was 
palpable that the engines had not been used on the last run. 
This view has been corroborated since by the discovery of 
certain written matter on board showing that the vessel made 
the last trip on three propellers and at reduced speed. One 
crack in the lower casing of this turbine extended a distance 
of about 8 feet around the circumference of ‘the steam belt. 
Other cracks were found in the upper half of the casing. In 
addition to this the dummy cylinder was found cracked 
in three places, all being in the wake of the nozzle box. This 
turbine has one stage of impulse blading, and, as the action 
of the nozzle boxes had evidently been such as to distort 
the casing and develop the:cracks which were found, it was 
decided to cut off the impulse blading entirely. While this 
- will reduce the economy in these engines, it is not believed 
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that it will reduce the backing power to any extent, since 
more steam will be admitted to the reaction blades than for- 
merly. 

The auxiliaries of the Vaterland were in fair condition, as 
were the boilers. The vessel has 46 Yarrow boilers with 
closed ash-pit system of forced draft. The boilers showed 
evidence of poor handling. The presence of a great amount 
of oil shows poor marine practice, and it appears that the 
Germans were using lubricant in the cylinders of the auxil- 
iaries. This practice has been discontinued in our service for 
many years. It is a curions fact that, although this vessel had 
steam lines which in some cases extend over a length of 300 
feet, she was not fitted with proper drains and traps, such 
drains as were fitted being run into the bilges. The boilers 
are not fitted with internal feed pipes, and as a result they 
seem to prime very easily. Internal feed pipes have been 
fitted. Beside the damage to the blading of the backing tur- 
bines a few minor attempts at disabling the ship were discov- 
ered. One section of suction pipe to the fire and bilge pumps 
was found with holes bored in it, these holes plugged up with 
putty and red lead and then covered so that they would not 
be discovered. The glands for the stern-tube stuffing box 
had been removed and strewn through the bilges. A great deal 
of water had entered the stern-tube compartment. All parts 
of these glands were located and replaced and the compart- 
‘ments cleared of water. 

One of the great difficulties in carrying on the repair work 
of these vessels has been the lack of proper drawings and the 
lack of information with regard to the operation of the ma- 
chinery. This has been particularly true in the case of the 

Vaterland, on account of the great mass of machinery and 
electrical apparatus and piping, and it has been only by the 
most patient and dogged following up of pipe lines and elec- 
tric wiring that sufficient knowledge of this vessel has been 
acquired to render it safe to take it to sea. All of her elec- 
trical equipment is of the very latest type, some of it mani- 
festly superior to that in use in our service. One item which 








652 REPAIRING GERMAN VANDALISM BY ELECTRIC WELDING. 


the writer noticed particularly is the micrometer attachment 
to the gyroscopic compass by which the helmsman can note the 
change of one-tenth of a degree in the heading of the ship. I 
am informed by the gyroscopic experts of the New York Navy 
Yard that the German compass is very much more simple and 
needs very much less adjustment and care than the one in 
use in our service. 

The complicatedness of the electrical system of the ship can 
be judged when it is stated that there is a clock system con- 
nected electrically with the master clock on the bridge which 
controls and regulates 530 clocks throughout the ship. The 
vessel also has a complete watertight door system, the doors be- 
ing operated hydraulically and controlled from a station on the 
bridge. For fire protection all bunker compartments below 
are connected by tubes to a glass case on the bridge. A sys- 
tem of blowers, operated at regular intervals, discharge air 
through these tubes into an indicator box. In case there is 
fire in any compartment, smoke is carried by this blower into 
the indicator box on the bridge showing what compartment 
is on fire. Alongside of this box is a hose attachment for 
attaching to the pipe from the compartment, and valves for 
turning on a smothering gas to extinguish the fire. 

This vessel is not a cargo carrier and therefore any coal 
which is used must be compensated for by water ballast, so it 
has the necessary tanks for keeping on an even keel and also 
has a set of anti-rolling tanks for use in a sea-way to prevent 
excessive rolling. These anti-rolling tanks were fitted on ac- 
count of the instability of the /mperator at sea. 

In summing up the subject it is thought necessary to invite 
particular attention to the following items with regard to elec- 
tric welding and its proper application. In welding cast iron 
it is particularly essential that the welding metal be laid on 
the cast-iron surface with the greatest care, since it is the junc- 
ture between the cast iron and the welding metal which is 
liable to be inferior. To accomplish this the welding metal 
should be laid over the cast-iron surface wherever possible 
before the patches are put in place. This method gives the 
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welder more room to work and permits him to keep a steadier 
arc and thus reduce the probability of too much or too little 
heat spoiling that part of the weld. This metal as it is laid on 
the cast-iron surface must then be peened by a caulking tool 
in order to develop any hard spots or spots where contact is 
not good. After this part of the operation is completed the 
patches should be put in place, and the completion of the 
weld then is merely welding of steel to steel, which is a very 
simple process. 

Of course it is important in such special work as this that 
the operators be the most skillful obtainable. In the work 
which has been carried on in the German ships the operators 
have not been particularly skilled men in all cases on account 
of the great number necessary and the comparatively few who 
are fairly skilled in this art. For that reason more cutting 
out and replacing of bad metal has been necessary than would 
have been the case if the work had not been so extensive and 
had only skilled operators been used. 

It is thought to be a remarkable fact that in all the work 
which has been undertaken by the electric welders there has 
never been a failure, this in face of the fact that almost every 
conceivable kind of patch has been handled, and also in face 
of the fact that the work has been very much more extensive 
than any ever before attempted. I believe this is practically 
the first of its kind of any moment to be attempted in marine 
engineering. The writer’s confirmed belief is that the scraping 
of cast-iron parts of machinery is entirely unnecessary and will 
very soon be a thing of the past. It cannot be. too strongly 
insisted that in every case in which this method has been used 
the repaired job has been fully as strong as it was before the 
damage was committed, and in most cases stronger in the par- 
ticular part affected. 
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BOILER DAMAGE ON SS. S. POMMERN. 





The S. S. Pommern, now the Rappahannock, was interned 
at San Francisco. When it was decided to put her in service 
a survey of the vessel developed the fact that of four Scotch 
boilers on the vessel but one could be repaired. It was 
necessary to renew the other three. 

The accompanying photographs give some idea of the na- 
ture of the damage. The boilers were ruined by dry firing. 
Not satisfied with the results of this treatment, it appears that 
thermit or some kindred agent was employed to complete the 
vandalism. . 

The net result, however, was negligible. Considering, 
quite aside from the cash value, the military value of the 
vessel, for every ship today has at least a potential military 
value, the cost and time required to effect the necessary boiler 
repairs and replacement would surprise the agents that so 
carefully thought out the campaign of vandalism on the 
German vessels seized in this country. —EDITOR. 
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WELDING MAIN ENGINE CYLINDERS. 
GERMAN SHIPS “ NECKAR,” “ RHEIN” AND “ BULGARIA.” 


By Nava, Constructor H. G. Knox, U. S. Navy. 





When the Neckar, Rhein and Bulgaria were turned over to 
the Norfolk Navy Yard for repairs their main engine cylinders 
had been badly damaged by the German crews just prior to 
seizure of the ships by the United States Government. The 
ships are all twin screw and equipped with quadruple-expan- 
sion engines of the usual marine type. Of the 24 cylinders 
on the three ships, 17 were damaged. Of this number 15 
required welding. This applies to the cylinders proper. In 
addition there were several broken fittings and cracked cylin- 
der liners. In the course of repairs the only casting which 
was made complete was one low-pressure valve-chest cover, 
which was so badly broken as not to warrant repair. 

On the Bulgaria the two high-pressure cylinders were dam- 
aged by having the flange to the main steam inlet nozzle 
broken, These two cylinders were repaired by machining off 
the broken flanges and threading the nozzles with a fine thread 
for about 2 inches. Steel-plate flanges were turned, threaded 
and fitted to the nozzles. No welding was performed on 
these two cylinders, and the job tested satisfactorily. 

A brief description of the welding effected on the other 
cylinders is itemized as follows: 


“NECKAR” (U. S. S. “ANTIGONE”’). 


Port high.—A cast-steel patch about 48 inches long, includ- 
ing the cylinder wall and top flange of the cylinder, was first 
arc-welded in place. The cylinder was then finished up and 
tested to 200 pounds hydrostatic pressure. The patch leaked 
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to such an extent that even with caulking it was impossible 
to make the patch tight. This patch was then cut out below 
the weld and a cast-iron patch acetylene-welded in place. This 
patch was about 60 inches long and developed no leaks when 
tested. 

Starboard high.—A 32-inch cast-iron patch was acetylene- 
welded in this cylinder and a section of flange 39 inches long 
was also welded in place. 

Port first intermediate——A narrow cast-iron patch, includ- 
ing the top cylinder flange, was acetylene-welded in this 
cylinder. 

Starboard first intermediate——A cast-iron patch 51 inches 
long, including the top flange of the cylinder, was acetylene- 
welded in this cylinder. 

Port second intermediate—A 54-inch break was repaired 
by a cast-iron patch in the top cylinder wall. A 36-inch sec- 
tion of flange was also acetylene-welded in place. A piece 
broken out of the cylinder casting in the slide-valve space was 
electric-welded. This break was about 24 inches long. 

Starboard second intermediate-—A large section of cylinder 
wall was broken out of this cylinder. The seam in the cast- 
iron patch was 102 inches long, acetylene-welded. One pin 
hole developed on test and was plugged. No other leaks de- 
veloped. Two 16-inch sections of flange in rear of lugs. 
were also welded in place. One 9-inch piece was broken out 
of slide-valve seat and acetylene-welded. 

Port low.—Two broken pieces of cast iron, of about 28 
inches each, were electric-welded on the top end of the cylin- 
der over steam port. One section broken out of cylinder cast- 
ing next to slide valve was also electric-welded. This patch 
was about 24 inches long. 

Starboard low.—The starboard low-pressure cylinder was 
broken in a similar manner to the port. ‘Two'pieces, each 28 
inches in length of weld, were welded in top end of steam 
port, and a 24-inch section in the valve-chest wall. All of 
these welds were made by electric arc. 
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Steam line elbows—Two sections of flange, 9 inches long 
each, were acetylene-welded in cast-iron high-pressure, steam- 
line elbows. The broken pieces were rewelded in place. 


“RHEIN” (U. s. Ss. “ SUSQUEHANNA’). 


Port high.—A comparatively small patch was welded at the 
upper end of this cylinder, and included a section of flange. 
An axial crack extending 6 or 8 inches from the crack was also 
included in the weld. The total length of the weld was about 
28 inches, and was made by acetylene. 

Starboard high.—Undamaged. 

Port first intermediate—A 38-inch cast-iron patch was 
acetylene-welded, and included a section of flange. One small 
pin hole developed on test and a screw plug was inserted. 

Starboard first intermediate—Undamaged. 

Port second intermediate-—A 46-inch cast-iron patch, in- 
cluding a lug, was cast in iron and welded in place by acety- 
lene. The liner of this cylinder was broken in pulling out of 
cylinder and an 8-inch length of patch welded in top edge of 
liner. The only leaks developing on test were a pin hole in 
the weld and a leak in the casting outside of weld where the 
lug was not sufficiently filletted. Both leaks were easily closed 
without welding. 

Starboard second intermediate—A large cast-iron patch, 
including a lug, was acetylene-welded as shown in photograph. 
The main break was 73 inches long and in addition two 13-inch 
sections of flange and an 8-inch section of cylinder liner at 
top similar to the port second intermediate were built up. 

Port low.—A large cast-iron patch, including a section of 
top cylinder flange, was acetylene-welded in this cylinder. 
The length of seam was about 80 inches, and the weld was 
made by acetylene. The liner for this cylinder had an L-shaped 
crack extending from the top down and to the left, total 
length of crack, about 27 inches. ‘This was welded by acety- 
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lene, as were also two 8-inch pieces broken out from the top 
edge of liner. 

Starboard low.—A_ 73-inch cast-iron patch was acetylene- 
welded in this cylinder and a 19!4-inch axial crack was acety- 
lene-welded in liner. 

“ BULGARIA.” 


In addition to the two high-pressure cylinder nozzles re- 
paired by screwing on new flanges, the port second interme- 
diate cylinder on this ship had an extensive break. This was 
successfully repaired by arc-welding a cast-steel patch in place, 
also welding a jagged L-shaped break. The total length of 
weld was 127 inches. Steel studs were used to insure good 
connection between the cast iron and welded metal. 

All cylinders requiring repairs were removed from the ship 
and welded in shop. This was deemed desirable both on ac- 
count of easy welding and machining, and also so that com- 
plete inspection for flaws of any kind could be made on test. 
After welding the cylinders were bored and cover studs fitted 
in shop. Cylinder covers were then fitted, openings blanked 
off and test applied. It was found that when a cylinder under 
test was completely filled with water most of the leaks de- 
veloped without further pressure. In every case, however, 
before the hydrostatic pressure was applied the water in the 
cylinder was heated by steam to at least 150 degrees F. The 
usual hydrostatic test pressure of about 50 per cent. excess of 
working pressure was then applied as follows: 


Pat ee ee IO. OOo ae 300 pounds per square inch. 
First intermediate ............. 150 pounds per square inch. 
Second intermediate ........... 75 pounds per square inch. 
Types ca ils. hi SOI -onsit ioe 30 pounds per square inch. 


After the hydrostatic test all cylinders were tested under 
steam, in the case of second intermediate and low-pressure 
cylinders to their working pressures, and, in the case of high- 
pressure and first intermediates, to 100 pounds. 
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In none of the acetylene welds did any leaks, other than 
one or two pin holes, show. In the arc welds leaks of various 
_ sizes developed in practically all welds, and were closed by 
rewelding or caulking. The large weld in the Bulgaria, for 
example, was tested four times before passed as tight. In 
every case the leak was between the welded metal and the 
cast-iron cylinder wall. No leaks showed where the welded 
metal joined the cast-steel patch. 

In preparing the cylinders for either arc or acetylene weld- 
ing the jagged edge of the break was first smoothed off and 
then beveled to approximately 45 degrees; wooden patterns 
representing the patch were then fitted to the break in the 
cylinder and a cast-iron or steel patch made from this pattern. 
The cast-iron or cast-steel patch, after cleaning, was fitted to 
the cylinder and beveled to approximately 45 degrees on the 
welding edge. The patch was then clamped in place for weld- 
ing, Fig. 1. 

When arc welding was to be used all cast-iron edges adja- 
cent to the weld were drilled and tapped for %4-inch studs 
spaced about 1% inches center to center. Two rows of studs, 
staggered, were employed. See Fig. 2. The theory of using 
steel studs is that the weld will take hold of the studs without 
fail and thus assure a good hold on the cast iron. Studs were, 
of course, not fitted when acetylene welding was used. 

With the patch secured in place the arc welding proceeded 
by first building up tlie edges of the V slot from one end to 
the other and then filling in between these steel-plated sur- 
faces with the welding material. At no time during the weld 
was the adjacent metal allowed.to become very hot. Over- 
heating induces shrinkage or cooling strains in the weld. 
These are particularly noticeable where the weld joins the 
cast iron. The welding material is steel wire for all arc welds. 

Acetylene welding is fundamentally different in application, 
and, while in arc welding every effort is made to keep the 
vicinity of the weld cool, in acetylene welding preheating i is 
employed and the actual filling of the V slot is done in lengths 
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of about six inches. The sides of the slot are actually fused 
with the torch and small pieces of welding rod and flux added 
to the puddled metal. Having built up six inches flush, an- 
other section of the same length is then fused and filled. On 
heavy cast iron the weld proceeds at about eight inches per 
hour. By skillful manipulation of the torch and the use of 
flux most of the slag and other impurities are worked out of 
the weld. Cast-iron welding sticks are used for filling in. 

In order to prevent after-cooling cracks in the metal near 
the weld it is necessary, in acetylene welding large bodies, to 
employ preheating. ‘This is most satisfactorily done with a 
charcoal fire built under the break. In most of the cylinders 
this was started about four hours before the welding. The 
fire is kept going all the time during the welding and is allowed 
to die out in place when the weld is finished. In fact, when 
finished, the weld, fire and all, is covered up and slow cooling 
encouraged. 

Another point required in acetylene welding is that due to 
the fluid condition of the metal when the torch is applied it is 
necessary to keep the surface of the metal horizontal. In a 
cylinder, therefore, when the break is circumferential, it is 
necessary to mount the cylinder on rockers or, in some other 
convenient way, make it possible to rotate it as the weld pro- 
ceeds. Fig. 3 shows the charcoal grate and cylinder on 
rockers. 

As the foregoing brief description is primarily to illustrate 
the actual welds and not to go into the relative merits of the 
two methods of welding, no further discussion on that point 
is offered. The most important conclusion is that complicated 
breaks in fifteen cylinders, besides many lesser parts, were 
successfully repaired, and that today three valuable ships are — 
in service against a country that strove in vain to render these 
ships useless for months to come. 
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A SHORT-CUT METHOD OF CALCULATING THE 
DISTANCE RUN FROM THE ENGINE 
SPEED OF A SHIP. 


By C. M. REED, INsTRucTOR, U. S. N. A., ASSOCIATE. 





It was the writer’s privilege to spend several weeks on one 
of the larger battleships this summer, in connection with the 
engineering work of the midshipmen’s cruise. One detail 
that seemed noteworthy was the large amount of time and 
work connected with working up the distance run during 
each hour, to be entered in the log. 

At the request of the assistant engineer officer, the method 
described below was devised, which the writer believes will 
enable the work to be taken over by the clerical force of the 
log office. 

From the curve of r.p.m. vs. speed in knots, the knots per 
hour corresponding to every five revolutions per minute were 
tabulated, and a logarithmic scale of revolutions was plotted. 
A logarithmic scale of knots per hour was also plotted along 
the same line, so that the one line shows the relation between 
revolutions and speed. Some distance from, and parallel to 
the speed scale, a scale of minutes run, also logarthmic, was 
plotted with the same unit of length. 

Midway between the two scales previously described a line 
was drawn parallel to them, on which was to be plotted the 
scale of distance traveled. It is obvious that if a ship runs 
for six minutes at the speed of 10 knots per hour the distance 
covered will be one knot. A line was drawn joining ten knots 
on the speed scale with six minutes on the time scale. The 
intersection of this line with the center line gave the location 
of the unit or starting point for the distance scale. From this 
mark as an origin, with a unit of length equal to one-half of 
that used for the speed and time scales, a scale of distance 
run was laid off in both directions. 

In using the chart a line is drawn joining the r.p.m. with 





662 CALCULATING DISTANCE RUN FROM ENGINE SPEEDS. 


the duration of the run in minutes. The intersection of this 
line with the center scale gives the distance run. The ex- 
ample plotted on the chart is fora 28-minute run at 180 r.p.m., 
giving a distance of 5.7 knots traveled. 
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A similar chart could be plotted for any ship by locating 
the revolution scale properly with respect to the speed in 
knots scale, as determined by the speed curve for the ship 
in question, The logarithmic scales may be conveniently 
laid off with the aid of a slide rule, or a sheet of logarithmic 
cross-section paper. 
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AN IMPACT-ENDURANCE TESTING MACHINE. 


By D. J. McApDAM, JR., ASSOCIATE. 


In the few repeated-impact machines now on the market: 
there are certain defects, which have prevented their more 
general use in the testing of metals. Asa result of attempts 
to correct some of the obvious defects in one of these machines 
at the U. S. Naval Engineering Experiment Station a new 
machine, free from such defects, has been developed. The 
new machine has been in use at the Station for some time, 
has been tested thoroughly, and found to give satisfactory 
results. 

DEFECTS TO BE AVOIDED. 


Before describing this machine some of the conditions to 
be secured in practical impact-endurance testing will first be 
considered. ; 

One of the essentials in such tests is speed. In order that 
tests may not consume an excessively long time, the number 
of hammer blows per minute should be as great as possible. 
In spite of the high speed, moreover, there must be no sacrifice 
of accuracy. These essential conditions, speed with accuracy, 
are not easily obtained. Though, for example, uniform drop 
of hammer is easily secured at slow speed, such uniformity at 
high speed requires careful adaptation of the machine to that 
purpose. The rapid lift of the hammer in high-speed testing 
makes it necessary that the lifting device be specially adapted 
so as to avoid upward throw of the hammer and consequent 
irregular distance of drop. 

‘The machine described below was designed for tests at com- 
paratively high speed without sacrifice of uniformity of drop of 
hammer. These conditions are obtained by use of a specially- 
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DESCRIPTION OF MACHINE. 


The machine is illustrated by the sketch, Fig. 1, the letters 
A to R indicating the various parts. The main divisions of 
the machine are: the hammer C to J, the lifting device K to 
M, and the specimen holder and connection P and Q. 

The hammer is pivoted on the cylinder B, which is held in an 
upright arm of the base A. The hammer consists of a cast- 
iron piece, C, a steel tube, E, and the head F to J. The tube 


' E provides for the necessary rigidity of the hammer without 


undue weight. The head of the hammer consists of the steel 
piece F fastened to the end of the tube E, the hardened tool- 
steel cylindrical piece G held to F by the lock nuts H, the 
hardened tool-steel piece I, and the pencil J. The weight of 
the hammer can be varied by addition of extra pieces, which 
are held between the part F and the lock nuts H. As the 
weight of the hammer is thus changed, adjustment of the bolt 
D keeps the center of percussion directly above the specimen 
N. 

The hammer is lifted by the adjustable cams L, attached to 
the revolving disc K. The height of lift can be varied by 
setting the cams at various positions in a slot in the lifting 
disc. During a revolution of the disc as each cam comes in 
contact with the lower surface of I, the hammer is lifted; it 
is then released as the cam reaches the top of its path. The 
center of the axis of the disc K is so placed that it is below 
the lowest position of the contact surface of I by an amount 
equal to the radius of the cams L. By this arrangement, no 
matter what their position in the slot, the cams always start 
to lift the hammer when their upper surfaces are in a hori- 
zontal plane with the axis of K. The axis of K is adjustable in 
a horizontal plane by means of the screw M, so that the period 
of lift can be varied from slightly less to slightly greater than 
one-quarter revolution of the disc K. ‘The disc K can be re- 
volved at adjustable uniform speed, either by a chain drive and 
the sprocket wheel O, or by any other suitable gearing. 

The specimen N is supported on two bearings Q, illustrated 
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in g. zater detail in Fig. 2. A carefully machined cylindrical 
specimen with a nick of definite shape and depth is used. 
It may be rotated at uniform speed so that the hammer blows 
fall at regular intervals around the circumference, or else a 
device can be used for sudden turning of the specimen through 
180 degrees after every one or two blows. The driving shaft 
is connected to N by any suitable flexible connection P, and 
the rotation is independent of that of the disc K. A revolu- 
tion counter and automatic stop are attached to the machine, — 
so that indication is given of the number of cycles necessary 
to break the specimen. 

















Fig. 2 


PROCEDURE IN AN ENDURANCE TEST. 


The cams having been set for a definite height of drop of 
hammer, the axis of lifting disc K must be adjusted in the 
horizontal plane so that the hammer will be released when 
each cam is near the top of its path. Theoretically it might 
seein that the cam should be exactly at the top of its path 
when the hammer is released. The hammer would then drop 
while the disc is turning through the next 90 degrees and the 
other cams would then be in position to lift the hammer again. 
Practically, however, it seems that better results are secured 
if the release occurs when each cam has passsed the highest 
point in its path by about 3 degrees to 5 degrees. The angle 
of revolution is thus 93 degrees to 95 degrees during the lift, 
and 85 degrees to 87 degrees during the drop of hammer. 
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The speed of the lifting disc K must now be properly 
adjusted. ‘Theoretical considerations and experiments with 
this machine show that the speed should be such that the disc 
turns through about one-fourth revolution in the time required 
for the hammer to fall on the specimen from the highest point 
of its path. The time of drop, moreover, depends on the 
distance of drop under force of gravity. If and ¢ respectively 
represent distance and time of drop, and a@ represents the 
acceleration of the hammer, the relation between these three 
quantities may be expressed by the well known equation, 
h = 3af. Since # is small compared with the distance be- 
tween the centers of suspension and percussion of the hammer, 
a is nearly constant for all values of 2, and its absolute value 
depends only on the moment of inertia and the position of 
center of gravity of the hammer. The time of drop, then, 
varies directly as the square root of the distance of drop of 
hammer. The proper speed of the disc consequently varies 
inversely as the square root of the distance of drop. 

As the energy of hammer blow decreases, therefore, and the 
number of blows required to break the specimen increases, the 
succession of blows becomes more rapid. This is a great 
advantage in practical endurance testing. 

For adjustment of conditions so as to secure proper speed 
and uniform drop of hammer the motion of the hammer may 
be analyzed by means of automatic diagrams. Such diagrams 
are made by the pencil J on a horizontally-moving strip of 
paper. The pressure of the pencil, regulated by a spring, is 
so slight that the motion of the hammer is not sensibly 
impeded. Nevertheless the diagram is not taken continuously, 
but is used only as a means of obtaining proper adjustment 
of the apparatus. . 

Figs. 4, 5 and 6 show typical diagrams for a definite dis- 
_tance of drop of hammer. In each diagram the portions a, 
5 and c, respectively, represent the hammer’s rebound from 
the specimen, its lift by the cam, and its drop again upon 
the specimen. Fig. 4 illustrates the motion of the hammer 
when the speed of the lifting disc is somewhat too slow. The 
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hammer has had time to rebound from the specimen and start 
downward again before the cam starts to lift it. Though this 
gives a fairly uniform drop of hammer, better conditions are 
obtained by slightly increasing the speed of the disc so that, 
as illustrated in Fig. 5, the hammer is at the top of its rebound 
when it is caught by the cam. With still further increase of 
speed, as illustrated by Fig. 6, the hammer is lifted by the cam 
immediately after its rebound from the specimen. Though 
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it was expected that the latter would be the best adjustment, 
there is under these conditions always a slight upward throw 
of the hammer, resulting in irregular distance of drop. The 
best conditions, therefore, seem to be as illustrated by Fig. 5; . 
with this arrangement a very uniform distance of drop is 
obtained throughout each test. 

In the machine in use at the U. S. Naval Experiment Sta- 
tion the drop of the hammer can be varied from about 2.5 to 
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0.25 inches. Corresponding to this variation, the proper speed 
of the lifting disc varies from about 85 to 290 revolutions per 
minute. This means that the speed of hammer varies from 
about 170 to 580 blows per minute, or from about 10,000 to 
35,000 blows per hour. The number of blows necessary to 
fracture the specimen will, of course, depend on the energy 
of a single blow and can be varied from only a few to many 
thousand. 
TEST RESULTS OBTAINED. 


With the above described machine tests have been made on 
various kinds of steel in order to determine their relative en- 
durance qualities. It is proposed also to extend this method 
of testing to non-ferrous metals. 

The results of a series of tests on two kinds of steel are given 
in Table I. The word cycle as used in this table means one 
complete revolution of the test specimen. © Since, in the ma- 
chine now in use, the specimen is rotated suddenly through 
180 degrees after every two blows of the hammer, one cycle 
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corresponds to four blows of the hammer. The values in 
the third column of Table I are obtained by multiplying 
the values in the second column by the ratio of the distances 
from the center of suspension of the hammer to its center of 
gravity and center of percussion. In Fig. 3 the values for 
energy of impact are plotted against the number of blows re- 
quired to fracture the specimen. 

These results are here given merely for the purpose of illus- 
trating the usefulness and range of the machine. They show 
the endurance qualities of two samples of metal that were 
available. The results, however, are not intended to show 
the relative merits of nickel and chrome-vanadium steel. 

The test specimens were taken from the test ends of two 
forgings now in use as battleship shafting. Specimens num- 
bered 620 to 653 are from a forging of annealed nickel steel ; 
specimens 1017 to 1216 are from a forging of annealed chrome- 
vanadium steel. The chemical composition and the average 
of the tension-test results given by the inspector at the time 
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661 | 13.04 4-955 | 0.219 1.08 180 174 4 696 
653 13-04 4.955 | 0.146 0.72 220 401 4 1,604 
656 13.04 4.955 | 9-104 0.52 260 8334} 4 35334 

620) 13.04 4.955 | 0.0625 | 0.31 320 3,222 4 | 12, 
660} 13.04 4.955 | 0.0525 | 0.26 350 4,162 4 16,648 
657| 13.04 4.955 | 0.0416 | 0.21 420 | 8,377 4 | 33,508 
636 | 13.04 4.955 | 0.0312 |. 0.15 470 | 16,435 4 | 65,740 
1,017 | 13.04 4.955 | 0.219 1.08 180 191 4 764 
1,040 13.04 4.955 | 0.146 0.72 220 429 4 1,716 
aes A 13.04 4-955 | 9.104 | 0.52 260 8144 4 3,258 
1,213} 13.04 4.955 | 0.0625 | 0.31 320 2,530 4 10,120 
1,214| 13.04 4.955 | 0.0525 | 0.26 350 3, 108 4 12,432 
1,216 | 13.04 4.955 | 0.0416 | 0.21 420 6,563 4 26,252 
1,198) 13.04 4.955 | 0.0312 | 0.15 470 | 15,110} 4 60,442 

} 




















of acceptance of the forgings, are recorded in Tables II and 
III below. 
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TABLE II 
| | | | 
Material. Cc |Ma| s | P| Ni | cy 
TERT ipa Pens boas ita a he 
Nickel steel.............c000 seeeeeee 0.42 | 0.54 | 0.021 | 0.011 | 3.27 |... | 
Chrome-vanadium steel........ | 0.41 | 0.78 | 0.038 0,008 | 0.85 | 0.14 
U - —_ 
TABLE III, 
| | | 
Tensile | Yield point, 
Elongation, | 
Material. | onl ane | greta per cent. of area, 
: | "square in pe a8 inch. in 2 inches.| per cent. 
Nickel steel......... ........ 89, 100 | 52,500 | 26 2 | 48.1 
Chrome-vanadium steel... 82,200 | 52,700 | 34.2 | 63.4 
SUMMARY. 


Conditions necessary for practical impact-endurance testing 
have been discussed. An apparatus for this purpose and a 
method of adjustment devoloped at the Engineering Experi- 
ment Station may be summarized as follows: 

(a) A hammer, to a certain extent adjustable in weight, and 
so arranged that the center of percussion is directly above the 
specimen. 

(4) A lifting device by which the hammer can be lifted to 
various heights and at various speeds, allowed to drop on the 
specimen, and again lifted during the rebound of the hammer 
from the specimen. The lifting device is adapted so that 
during each lift of the hammer the speed of lift isa maximum 
at first and gradually decreases to zero at the time of release 
of the hammer. This avoids upward throw of the hammer 
from the surface of the cam and causes the distance of fall to. 
be uniform throughout each test. 

(c) A nicked cylindrical specimen, held with proper rigidity 
and rotated so that it is struck at intervals around its circum- 

ference and thus subjected to alternating stresses until broken. 
_ (d) A method of determining and regulating the proper 
45 
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speed of revolution of the lifting disc K so that each cam 
begins to lift the hammer at the proper instant during the 
rebound of the hammer from the specimen. ‘This secures 
uniform distance of the drop of hammer and, consequently, 
uniform energy of blow. 


NoTE.—The writer wishes to acknowledge the valuable 
assistance of Mr. L. E. Foster, who is employed in the metals 


laboratory of the Station, in working out details of this 
machine. 
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CHARACTERISTICS AND SPECIFIC SPEEDS OF 
CENTRIFUGAL PUMPS. : 


F. G. HECHLER, M. E. 





The present increasingly extensive use of centrifugal pumps 
would seem to warrant a consideration of their operating 
characteristics and the development of the “specific speed” 
method of classifying them and predicting their probable 
performance under various conditions. 

For handling large quantities of water under low heads, 
as in drainage work and for unwatering cofferdams, the use 
of centrifugal pumps has become almost universal, their 
advantages under these conditions being so great as to prac- 
tically preclude even a consideration of any other type. 
Under other conditions, however, where relatively high heads 
and small quantities are required, their adoption has not been 
so general. But during the last eight or ten years nearly all 
of the large central power stations have adopted the cen- 
trifugal boiler-feed pump as their standard equipment. Mar- 
ine practice has been more conservative in this regard, and it 
is only recently that there has been any decided tendency in 
this direction. 

The centrifugal pump possesses inherent advantages that 
make it the ideal unit for boiler feeding, or any other service, 
provided it is properly chosen for the work it is todo, The 
freedom from shock and water hammer, due to the steady 
discharge, the absence of all danger of building up an ex- 
cessive pressure that might cause breakage in the pipe line 
if all valves on the discharge line should be closed, the 
elimination of the necessity of air chambers and relief valves, 
and the simple lubrication requirements are all decided ad- 
vantages. 
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With low and medium heads the simple and inexpensive 
single-stage’ volute pumps give excellent satisfaction with 
reasonably good efficiencies. But for high pressures, neces- 
sary with boiler-feed pumps, it is impracticable to use single- 
stage pumps unless very high speeds are used. With high 
heads and small quantities, moreover, leakage through the 
clearance spaces at the periphery of the impeller becomes 
proportionately large. For these reasons the multistage pump 
has been developed ; the number of stages used depending on 
the type of pump and on the head pumped against. 
Usually the limiting head per stage is about 100 to 156 feet, 
though tests in which the head per stage was 375 feet have 
been reported. Such pumps, operating at high heads and 
high speeds with small quantities, necessarily have small 
dimensions, and it is imperative that the calculated dimen- 
sions be strictly adhered to in the construction, or the finished 
pump will not give the anticipated results because of exces- 
sive leakage. 

Water enters centrifugal pumps at the center or “eye” of 
the impeller. Passing radially outward along the blades it is 
discharged into the pump casing. ‘The impeller increases 
both the pressure and the velocity of the water, the velocity 
term being the greater of the two. It is necessary to change 
this velocity into pressure in the pump casing, and the effici- 
ency of the pump depends largely on the success with which 
this is accomplished. ; 

As shown in Fig. 1, the water, as it leaves the impeller and 
enters the pump case, is moving with a velocity w, relatively 
to the pump case. In order to decrease this velocity, and 
thus increase the pressure head, it is the usual practice with 
high-head pumps to make use of diffusing vanes as shown in 
Fig. 1. Obviously these vanes must be so shaped that the 
water as it leaves the impellers will enter without shock or 
eddy, that is, the entrance edge of the vane must be tangent 
to the direction of the water at exit from the impeller. The 
diffusing vane should be smooth, the entrance edge should be 
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sharp and there should be no sudden changes in direction. or 
in cross-sectional area. 

The first condition, that the water should enter the diffuser 
without shock, can be fulfilled only for one rate of discharge 
if the pump is running at constant speed. Referring to the 
exit velocity diagram in Fig. 1, at constant speed w,, the 
linear velocity of the impeller in feet per second remains 
constant; wv, the velocity of the water relatively to the im- 


Vdd 
, 
Z 














Fic. I. 


peller in feet per second, depends on the quantity, and, 
consequently, w,, which is the absolute velocity of the water 
leaving the impeller, and the resultant of v, and z,, will 
change in direction and magnitude as the quantity of water 
changes, resulting in consequent losses due to shock and 
eddies. To meet this difficulty adjustable diffusers have been 
proposed, but have met with little success because of the 
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added complication. Another method of maintaining the 
proper angular relations would be to change the speed of the 
unit so that w, changes proportionally to v,, but this may cause 
a change in the head produced by the pump, which may not 
be desirable or even permissible. In general, for high heads, 
the use of diffusing vanes is to be recommended, as, with them 
the loss due to shocks and eddies is probably less than it 
would be if they were omitted. In low and medium heads 
their advantage is not so apparent. Due to careful design 
and superior workmanship a pump in which diffusing vanes 
were not used gave one of the highest efficiencies ever obtained 
by any centrifugal pump. 














FIG. 2. 


To show the performance of pumps under various operating 
conditions it is usual to draw a series of characteristic curves 
showing the relation between the various quantities. The 
curves generally plotted are: 


Head-capacity, 
Efficiency-capacity, 

Brake horsepower-capacity, 
All at constant speed. 


For economical operation the efficiency-capacity curve should 
not only reach a high value but should be as flat as possible, 
so that the economy will be good over as wide a range of 
capacities as possible. 

The head-capacity curve may, by proper design of impeller, 
be made to assume almost any desired shape. Fig. 2 shows 
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three designs, A, B and C, for the shape of impeller blades. 
A shows the blades at exit bent backward, B shows radial 
blades, and C shows them bent forward. The general shape 
of the head-capacity characteristic that each of these designs 
will give can be readily found. For simplicity consider the 
ideal case, neglecting friction and all losses due to shock and 
eddies. Referring to Fig. 1, 


Let ~, = peripheral velocity of impeller at entrance, feet 


per second, 

u. = peripheral velocity of impeller at exit, feet per 
second, - 

v, = relative velocity of water at entrance, feet per 
second, 


v, = relative velocity of water at exit, feet per second, 
w, = absolute velocity of water at entrance, feet per 
second, 
w, = absolute velocity of water at exit, feet per sec- 
ond, 
r, = radius of impeller at entrance, 
7, = radius of impeller at exit, 
?, = angle between w, and zw, 
?, = angle between wu, and w,, 
6, = angle between w, and z,, 
also let H = total theoretical head in feet pumped against, 
Q = capacity in gallons per minute, 
w = weight in pounds of one gallon of water, 
W = total weight of water pumped per minute = 


wQ. 


The energy supplied to the pump (since the efficiency is as- 
sumed to be 100 per cent.) is all used in producing the theo- 
retical head H. The work done is evidently wQH foot-pounds. 

At entrance to the impeller the impulse of the entering 


water is = = “os and its component in the direction of 


motion of the impeller at entrance is “2 xX w,cos M,. Sim- 
bog 
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ilarly, at exit there is a force, tending to retard the motion of 


wOQ 
the impeller, of bog X w, cos 9,, 


Hence the work, which is force times distance, is given by 
the equation 


w Yr wOH 
oo (w, cos 9,u, — w, cos Pu, X *) = aoe ’ 
or pws cos 9,1, — w, cos O,u,) = H. 


The water usually enters the impeller radially, so that 
@, = go degrees and u,w, cos 9, = 0; 


I 
hence H = -—4,w, cos #,, 
& 


From the exit velocity triangle we have 
Vz; = us + w) — 2u,w, cos P,, 


Eliminating cos %, from the expression for H, 











2 , ee 2 2 as ‘ 
H “io UW, (“ + Uy *) i W2 + UV, (A) 
& 2U,Ws 2g 
also 1? = ve + U2 + 20%, cos 0; 
whence H = vy at: Ww, + 20,4, COS 6 + u,? tics v,? a 
2g 
: 0 

Uy + Ul, COS A (B) 


& 


For a given speed and quantity, #, and z, are fixed, and the 
effect of a change in the angle @ on the head H can be deter- 
mined. With onpna blades cos @ is positive, so that 


from equation (B) H>“ -f for radial blades cos @ is zero, so 


Uoe 
that H = 3 ; and for backward-tipped blades cos @ is nega- 


tive, so that H< a If the speed is kept constant and the 
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quantity is increased v, increases, so that with forward-tipped 
blades H increases with the quantity; for radial blades H 
remains constant ; and for backward-tipped blades H decreases 
as the quantity increases. For the ideal conditions we have — 
assumed, the curves have the shape shown by solid lines in 
Fig. 3. The shut-off, or no delivery, pressure would be the 
same in each case, for with no water flowing through the 


2 
impeller v, = 0, and w, = o, so that H = = In the actual 


pump, friction and other losses modify these curves to varying 
degrees, so that the shapes shown dotted in the same figure 
are approximated. Each of these types meets certain require- 
ments most effectively. 
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2 
In equation A, the term = represents the velocity head of 


the water as it leaves the impeller. For efficient operation 
this must be largely converted into a pressure head by using 
either diffuser vanes or a volute casing. This term has its 
maximum value with forward-tipped blades, and its minimum 
value for backward-tipped blades. Hence, other things being 
equal, the backward-tipped blade impeller should give the 
greater efficiency. Most commercial pumps have vanes of the 
backward-bent type. This type possesses the added ad- 
vantage, due to the dropping head-capacity characteristic, of 
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automatically limiting the power required as the capacity 
increases, so that there is no danger of overloading the motor ; 
in fact, it is quite common to find that as the capacity in- 
creases somewhat beyond the rated value the power required 
actually decreases. This makes it possible to choose a motor 
of the proper size to operate normally at its rated load and 
maximum efficiency over a wide range of capacities. Such 
characteristics are shown in Fig. 4. Note that the brake 
horsepower does not vary greatly from the full load value, so 
that the motor driving the ‘pump, whether it is an electric 
motor or a steam turbine, may operate at almost constant 
efficiency over the whole range. Also the design is such that 
after the rated capacity is exceeded the head developed de- 
creases sufficiently to effectively limit the power demand. 























o, 5 ae 
— . 
\ 
s ' 

a ‘ Q mes 
Q oT Be . 
S | A 4 \ 
x Constant Static Head re Ch2 “Friction Head 

$y5 
Constant Statie Head 
CAPACITY CAFAC/ITY 
FIG. 5. Fic. 6. 


For some uses though, it is not desirable or even possible 
to permit the head to decrease to any great extent as the 
capacity is increased. Such a condition is met in boiler feed- 
ing. A certain minimum pressure must be maintained in 
order to’ force the water into the boiler, and also the pump 
motor should be able to run at a constant speed under the 
control of a governor without building up an excessive pres- 
sure even if all of the valves on the discharge line should be 
closed. In boiler feeding the resistance to be overcome is 
made up of two parts, as shown in Fig. 5. In this case the 
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constant static head equal to the boiler pressure forms the 
greater part of the resistance, the remainder is the friction 
head, which is proportional to the quantity, and hence to the 
square of the velocity, and depends on the length of the dis- 
charge pipe, its condition, the number of valves, elbows, etc. 
It is evident that in this case the power required increases 
with the capacity, and to prevent an excessive overload on 
the motor it is necessary to so design the impeller that the 
head-capacity curve will drop suddenly, as shown by the 
dotted extension of the curve, soon after the capacity exceeds 
the maximum desired. This permits the use of a motor of 
the proper size to run at its best efficiency for normal op- 
eration. 

Often a head-capacity curve similar to the one shown by 
dot-and-dash line in Fig. 5 is obtained, the head first rising 
and then falling. as the quantity increases. If, as shown in 
the figure, the shut-off pressure produced by the pump is less 
than the boiler pressure to be pumped against, the pump can- 
not begin delivering water unless the speed is increased in 
order to increase the head produced, or else the head may be 
temporarily reduced by opening a by-pass in the discharge 
pipe. This permits the pump to discharge at a lower pressure 
until the quantity increases enough to build up the pressure 
to the required value. The particular capacity at which the 
pump is operating at any time is determined by the intersec- 
tion of the two head-capacity characteristics—one for the 
pump, the other for the system into which the pump is dis- 
charging. By opening or closing valves in the feed line the 
system characteristic is changed, giving a different point of 
intersection and hence a new operating point for the pump. 

If the load on the pump is largely a frictional one, as in 
circulating pumps for condenser service, the head produced 
by the pump should increase with the capacity in order to 
offset the increase in friction with the increase in capacity. 
This is best done by using a pump with the impeller blades 
bent forward, giving the rising head characteristics shown in 
Fig. 6. In this case the load on the driver increases rapidly 
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as the capacity increases, so that it is necessary to provide 
some means of limiting the maximum demand. This can be 
accomplished as before by making the head characteristic 
drop off abruptly, as shown by the dotted extension. 


TEST CHARACTERISTICS. 


If the complete performance of a centrifugal pump is desired 
it must be tested at various speeds, and at each speed the head, 
capacity, power imput and the efficiency must be determined 
for all capacities from shut-off to the maximum discharge. 
These results are best shown in the form of curves, as in Fig. 
7, which shows the head, the horsepower input, and the 
efficiency as functions of the capacity for an actual pump at 
various speeds from 700 to 2,000 revolutions per minute. The 
lowest speed at which good efficiencies are attained is 1,400 
revolutions; at this speed the pump has an efficiency of 55 per 
cent. when pumping 160 gallons per minute at a head of 170 
feet. It will be observed that the pump has practically the 
same maximum efficiencies at speeds up to 1,800 revolutions, 
but that at each speed it will be operating at a different 
capacity and head. 

In Fig. 8 the head-capacity curves have been redrawn, and 
on each curve the small circles represent points of constant 
efficiency obtained by cross plotting from Fig. 7. Curves 
drawn though these points are lines of constant efficiency and 
are shown solid in the figure. In addition a series of para- 
bolas has been drawn. The parabolas are shown by the light 
dash lines, and it is to be noted how closely they agree with 
the heavy iso-efficiency lines over the usual operating range 
of the pump, that is, to a point just beyond the point of maxi- 
mum efficiency. The line drawn through the maximum 
efficiency points at each speed is almost identical in form 
with the parabola near it. At times the iso-efficiency curves 
‘are drawn as ovals, as shown by joining the ends of the two 
curves for 50 per cent. efficiency. 

Such a method of connecting the points of constant effi- 
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FIG. 7. 


ciency directs attention forcibly to the most efficient range of 
operation for which the pump is adapted and particularly to 
-the fact that it is not economical to use the pump at a speed 
either too low or too high. However, Fig. 8 seems to indicate 
that these constant-efficiency lines to the left of the line of 
maximum efficiency are not ovals, as their curvature is in the 
wrong direction. It is clear that a centrifugal pump may 
have the same efficiency when operating at different speeds, 
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providing the head and capacity are the proper ones corres-. 
ponding to the speed. The question of the relations of these 
factors will now be taken up under the general head of 
‘Specific Speeds. 
* SPECIFIC SPEEDS. 
The characteristic curves so far considered show completely 
the performance of the pump tested, but give no method of 
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predicting the performance of the same pump under other 
conditions, nor the performance of a pump of similar design 
but of different size; neither has any method been given for 
choosing a suitable pump to meet certain conditions satis- 
factorily. To do this it is convenient to have some method 
of classifying centrifugal pumps according to some character- 
istic that will be the same for a line of pumps of similar 
design. By similar design is meant pumps which are 
geometrically similar in all respects, every linear dimension 
being increased or decreased a proportional amount. Various 
methods of classifying centrifugal pumps have been proposed 
and many are in use, but the most convenient method and 
the one that seems to give the most promising results is the 
specific speed method. -Furthermore it is analogous to the 
method which has been so successfully applied to the hydraulic 
turbine and the centrifugal fan. This correlation results in 
a simplification of these various problems and reduces them 
to a more rational basis. 

Consider first a centrifugal pump operating with a.given 
external restriction (a given suction and discharge pipe with 
all valves at some constant opening),and at different speeds. 


Theory and experiment show that the following relations 
will hold: 


(1) Q « NsinceQ « AVand V « N; 
(2) H « N*’since V= /KH and V « N; 

Pi ornare 
(3) Power Input « N* since Power Input = Efficiency” 
(4) Efficiency constant. 


Though the efficiency is assumed to be constant this is true 
only to a limited extent. An examination of a complete set 
of test results, as in Fig. 8, will show that the efficiency 
remains constant only over a somewhat limited range. 

Now consider a series of geometrically similar’ pumps with 
geometrically similar connected systems, operating at a con- 
stant number of revolutions per minute and at constant 
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efficiency, but having different impeller diameters. All parts 
of the different pumps and their connected systems must vary 
in the same ratio as the impeller diameters. In this case we 


can write: 
2 


(5) Q « D' since Q « AV; A « Deand V « D; 
(6) H « D*since D « V « KH; 


oi ll 
Efficiency ’ 
(8) Efficiency constant, revolutions constant. 


(7) Power Input « D* since Power Input = 


If now the speed and diameter are both varied, the efficiency 
remaining constant, we obtain, by combining equations 1 and 
5; 2 and 6; 3 and 7, the following relations: 


(9) Q « ND* or O = K,ND*; 
(10) H « N*D? or H = K,N?D’; 
(11) Power Input « N*D* or Power Input = K,N*D’; 
(12) Efficiency constant. 


The various terms in the above equations are defined as 
follows: 


= Total head in feet pumped against ; 

Q = Capacity in gallons per minute ; 

N = Revolutions per minute ; 

D = Diameter of impeller in inches ; 

A = Area in square feet of water passages through the im- 
peller and normal to the direction of flow at point 
where the velocity of the water is V feet per sec- 
ond ; 

w = Weight of one gallon of water in pounds ; 

K,, K, and K, are constants. 


Equations 9, 10 and 11 lead at once to some interesting 
general conclusions regarding centrifugal pumps. Suppose, 
for instance, it is desired to double the quantity of water 
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pumped keeping the head constant; constant head requires 
constant peripheral velocity for the impeller, that is 


zDN 





I 
— constant or D « N 
From equation (9) 
; ss 
Q = KN = bat OS = oe Ne 


: : Q’ 


~ similarly 
K I K 
20 = N? or N, = 1.41 AES 


Hence the new pump must run at a speed ai times that of 


the original unit and the diameter of the impeller must be 
1.41 times that of the first. It is essential to remember that 
all the dimensions of the pump must be changed in the same 
ratio as the diameter for this relation to hold. 

If it is desired to increase the head H it may apparently be 
accomplished with equal facility by increasing either N or D, 
as equation 10 shows that H = K,N’D*. But the effect on the 
capacity and the power required would be quite different in 
the two methods. For example, doubling the speed would 
double the capacity and require 8 times the power, while : 
doubling the diameter would give 8 times the capacity and 
would require 32 times the power. It is well to note that 
these relations furnish a convenient method of correcting test 
results to a standard basis, as will be shown later. 

Equations 9 and 10 may be combined by eliminating D, 
thus: 


Q _p—_H' 
KN KIN® 
K Hi 
, Eero eee 520 
WEF Oo 
or 
_H? 
N as Ki or 


46 
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This equation shows the effect on the speed of a variation 
in the head and capacity when the efficiency remains constant. 
Considering the special case where H = one foot and Q = one 
gallon per minute, we have N = K, or K, is the speed in 
revolutions per minute of an impeller that will pump one 
gallon per minute against a head of one foot. This speed 
will be designated the specific speed and will be represented 
by Ns, so that 

Qt 
(12) N; =N He 

To determine the diameter of the impeller to be used elim- 

inate N from equations (9) and (10). 


Q eo Hi . pz = KitQ 


K,D® K;D’ ~~ K,HP 
or 
$ by 
(13) D =k,2, =D... 


As before, if we make Q = one gallon per minute and H = 
one foot head we have D = K,, or K, is the diameter of the 
impeller that runs at Ns revolutions per minute and pumps 
one gallon per minute against a head of one foot. This 
constant will be designated as D; and may be termed the 
“specific diameter” of the impeller. 

The power required by the “unit” impeller, which has a 
diameter D; inches and runs at Ns; revolutions per minute, 
may be obtained by combining either equations (9) and (11), 
or (10) and (11). Using (10) and (11) and eliminating N we 
obtain : 

oy gates N= Power 
ic :.lU!l—eeee 





K, Q° K 5H 
Power = 2380 = gata oe = KOH, 


or making an allowance for efficiency to obtain the power input 


K,QH _ 
Efficiency — 


(14) Power input = P;QH, 
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where P; may be called the “specific power” when Q = one 
gallon per minute and H = one foot head. 

For certain problems it will be useful to determine another 
factor, which may be called the “Specific Tip Speed.” The 
speed of the tips of the impeller blades in feet per minute is 
given by 

zDN 


12 





If for D and N we substitute D; and Ns we must also 
replace V by Vs. 











xD:N; _ 7 DH? _ NO! 
Then Vs = ern O! x a? 
(15) or V; fos zx ND 


12 Ht 


Here V; is the speed the tips of the impeller must have to 
deliver one gallon per minute under one foot head. 

From the foregoing it is evident that test results for a pump 
of a given type are necessary in order to make the above cal- 
culations. In order to make a complete analysis the data 
should include the speed, capacity, head, efficiency, diameter 
of the impeller and the type of pump. As has been previously 
noted, there are two general types of centrifugal pumps; 
namely, the volute type in which no diffusing vanes are em- 
ployed and the turbine pump in which diffusing vanes are 
used. Each of these broad types might be subdivided into 
pumps having single or double suction, whether single or 
multistage, or whether it is a single, bi- or tri-rotor pump. But 
essentially these are merely modifications of the two funda- 
mental types and bring in no new variables. Thus the pur- 
pose of multistaging is to increase the total head produced, 
and as the formulae here developed refer only to the head pro- 
duced in one stage it is necessary in a multistage pump to 
divide the total head by the number of stages before substi- 
tuting in the formulae. Similarly when the quantity of water 
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to be pumped is very large two, and sometimes three, im- 
pellers may be mounted on one shaft and operate in parallel. 
In this case the total capacity must be divided by the number 
of impellers to get the proper value for use in the formulae. 
It should be kept clearly in mind that the formulae as here 
given refer always to the head and quantity for one stage of a 
multistage pump, or for one impeller of a pump having sev- 
eral impellers operating in parallel. 

To illustrate the application of the formulae to an actual 
problem the test data for a single-stage volute pump with an 
impeller 153 inches in diameter are given in the first four col- 
umns of Table I. The remaining columns show tlhe arrange- 
ment of the work for convenient tabulation of the desired re- 
sults, which have been computed from the formulae already 
given. 




















TABLE I 
Speed revolu- =| | 
tions per i wg erences = gi | ut Ht | Ns D, | Vv; 
minute. ea ‘8 | | 
| a boo 
7 ky by of pab¥io they oaharn bri AT ee Sr 
1,000 | 220} 64 40 | 14.8) 2.8) 21.6} 689) 2.95 | 507 
1,000 | 315)| 65 50 | 17.8 2.9 | 23.4| 771| 2.49) 503 
1,000 | 430) 67 60 | 20.7 | 2.9| 23.4| 885) 2.14) 495 
1,000 | 610 | 67 70 | 24.7 | 2.9 | 23.4 | 1,052 | 1.80 | 495 
1,000 | 760) 64 75 | 27.6 | 2.8 | 21,6 | 1,279 | 1.59) 507 
1,000 | 1,100 | 52 75 | 33-2/| 2.7| 19.5 | 1,710| 1.26 510 
1,000 1,280 | 46 70 35.8 | 2.6 | 17.7 | 2,025 | 1.13 | 598 
1,000 | £560 | 33 60 | 39.5 | 2.4 | 13.8 | 2,870 | 0.94 | 706 
1,000 | mrsoed 26 50 | 41.1 | 2.3] 11.5 |3:570 | 0.85 | 794 
“ J sii Dao. 





This unit was also tested at speeds of 1,200 and 1,400 
revolutions per minute and the values of N; computed for 
comparison with the above The results are shown in Fig. 9, 
curve A, for volute pumps. The efficiency-specific speed 
curve for 1,200 revolutions is shown solid, while those for 
1,000 and 1,400 revolutious are shown as light dash lines. 
Up to the point of maximum efficiency the curves agree quite 
well, and show that within the probable limits of accuracy of 
the test data the specific speed is a constant at constant 
efficiency, as has already been stated. 
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All the available test data for centrifugal pumps have been 
tabulated for both the volute and the turbine types. To show 
the relation between the specific speed and efficiency, the 
specific speed has been calculated from these data for the max- 
imum efficiency in each case and the values plotted as shown 
in Fig. 9, where the circles represent these individual N, effi- 
ciency values. In both figures a smooth curve has been drawn 
- to show the maximum probable efficiency that may be expected 
from each type of pump when operating under favorable 
conditions. In addition, the curves A, B, C, D, E, F, G, H 
‘and I show the variation of the specific speed and efficiency 
for certain individual pumps of each type calculated from the 
test data. Each of these curves shows the characteristics of 
all other pumps of homologous design. With both volute 
and turbine pumps it is evident that low specific speeds cannot 
be used if high efficiencies are desired. Low specific speeds 
mean either a low actual speed or a small capacity for the 
head produced. It is also possible to use lower specific speeds 
with turbine pumps than with volute pumps and still operate 
efficiently. At high specific speeds the volute pumps seem 
to have the better efficiency, as shown by the curves. High 
specific speeds are obtained either by using high rotative 
speeds or by making Q large compared with H. The latter 
method is the particular field in which volute pumps excel, 
namely, very large capacities under low heads. In this case 
if the capacity is very large it may be necessary to use a low 
rotative speed in order to keep the specific speed down to a 
reasonable value. In many cases, however, high specific speed 
designs have been developed in order to increase the rotative 
speed of the unit so that more efficient operation can be 
obtained when a motor or a steam turbine is used with a direct- 
connected drive. Fig. 10, shows the relation between specific 
diameter, Ds, and specific speed, Ns, for the same pumps. _ It 
is interesting to note how closely they fall to each other. In 
the same figure the relation between the specific tip speed V; 
and the specific speed Ns is also shown. Fig. 10, might be 
still further amplified by crossplotting the efficiencies from 
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FIG. 9. 


Fig. 9, thus eliminating the necessity for this figure in most 
cases. This method would indicate at once the range over 
which the pump could be used with good results. The 
application of this is shown in Fig. 10, curve I. With the 
: efficiencies indicated in this way it is seén that if 70 per cent. 
° is the minimum efficiency desired for a pump of this type, the 
specific speed must be between 4,200 and 5,100. 
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APPLICATION TO THE SOLUTION OF PROBLEMS. 


Problem I.—To choose a new pump for certain conditions. 
When a new unit is to be selected certain conditions are fixed 
by the nature of the problem. A common case would be 
where the capacity, head and speed are known and it is 
required to find the size of the pump, its efficiency, and the 
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power required. We will assume that a volute pump is 
desired to pump 1,750 gallons per minute at a head of 100 feet 
and a speed of 1,500 revolutions per minute. 

Applying formula (12), 


1,750)' 
eee —— 1,983. 





t 
N.=N2,= 1,500 


Referring to Fig. 9, we determine that, of the pumps for 
which the characteristics are given, pump B is the only type 
that would have a good efficiency under these conditions, and 
hence should be used. The indicated efficiency would be 75.5 
per cent. as against 70.5 per cent. for types A and C, and only 
51 per cent. for type D. With the specific speed determined, 
the next step is to find the specific diameter. From the curve 
for type B in Fig. 10, D; is found to be 1.06 inches, and the 
actual diameter is found by using formula (13), 


upg 


Qi (1,750) _ 
Ss H: 


= 1.06 (100)* 





14 inches. 


The power is computed most readily from the expression : 


wOH —_ 8.342 X 1,750 X 100 
Efficiency — 0.755 
foot-pounds per minute = 58.61 H.P. 8.342 pounds is weight 
of one gallon of water. 

Problem II.—The most general form in which this problem 
might occur would be when only Q and H and the type of 
pump desired are known and it is necessary to find N as well 
as D, also the power and the efficiency. As in problem I, let 
us assume that Q = 1,500 gallons per minute and H = 100 
feet. We will assume that the volute pump is to be type D. 
From Fig. 11, the best efficiency of 75 per cent. requires a 
value for N; of about 3,600. Using formula (12) we have 





Power input = = 1,935,000 


(r00' _ 


Se ee 
hin Seg Seay 


722 revs. per min. 
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From Fig. 10 Ds = 0.66 inches, and 


D = Ds 2 = 0.66 {2750 — 





Ht “(z00)h 8.73 inches. 
Power input = 
wQH _ 8.342 X 1,750 X 100 _ 
33,000 X eff. 33,000 X75. 59.0 H.P. 


Problem III.—Given H, Q and D, turbine-type pump to 
determine the speed, efficiency and power. Here an existing 
pump is to be adapted to certain conditions of service and we 
want to know the speed and power of the motor. 

Assume H = 700 feet ; Q = 4,000 gallons per minute ; D = 
314 inches. The high head of 700 feet makes it necessary to 
use a multistage pump. If 150 feet is taken as the maximum 
head per stage, at least five stages would be necessary for this 
pump, and the value of H to be used in the formulae becomes 


<2 = 140 feet. 
From formula (13) 
= poe (140)t __ 
D; = D [olin 31-5 (4 ooo} = 1.769. 


From the Ds vs. Ns curves Fig. 10 types E, G, or H might 
be used with values for N, of 810, 1,050 and 980, respectively. 
But on referring to the N, vs. Efficiency curves, Fig. 9, it is 
found that type E is entirely unsuited because of the very low 
efficiency. Types H and G would both operate at their max- 
imum efficiencies; H at 64.5 per cent. and G at 79 per cent., 
so that, other things being equal, type G would be chosen, 
thus fixing the value of N; at 1,050. From formula (12) we 
find. 

’ 


$ 
N= N; ai = 1,050 (140) 


(4,000)* 


wOH 8.342 X 4,000 X 700 





= 698.5, Say 700 revs. per min. 


Power input = 





= 896 H.P. 


33,000 X Eff. 33,000 X 0.79 
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Here the total head of 700 feet is used to find input for the 
pump. 

Problem IV.—Given H, N and D, turbine pump, to find Q, 
efficiency and power. Given H = 70 feet ; N = 1,600 revs. ; 
D = 16 inches. 

Applying formula (15) 


= ND _ 
Hi 


1,600 * 16 


Vs — 708 


= 800. 








- 
12 


nla 


From Fig. 10 we find that types G and I are the only tur- 
bine pumps that will meet the requirements. For G, N; = 
2,535 and for I, Ns = 4,950. Referring to Fig. 9 to find the 
corresponding efficiencies that may be expected, we find type 
G (for Hs = 2,535) has an efficiency of only 45.6 per cent., 
while I (with Ns = 4,950) has an efficiency of 70.3 per cent. 
Hence, though either type of pump might be used, one would 
operate much more efficiently than the other. Further, 
though the pumps are identical in diameter and run at the 
same speed, they would have widely different capacities. This 
can be seen by applying formula (12): 





N;H? 
+— 
Q N ’ 
or 
NH! 
pe nh 


that is, the capacities of two pumps of the same size running 
at the same speed and under the same head will vary directly 
as the squares of the specific speeds. 
Hence 
a __ (4,950)" __ 
QO. ~ (2,535) 





= 3.82, 


or type I would pump 3.8 times as much water as type G. 
The actual quantity for type I would be 


2 
sai ae ag = 5,610 gallons per minute. 
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The horsepower input is found from the expression 


= wOH __ 8.342 X 5,610 X 70 _ 
— i 33,000 X Efficiency si 33,000 > 0.703 er 141.3. 





CORRECTION OF TEST DATA TO A STANDARD BASIS. 


Problem V.—Mention was made of the fact that the funda- 
mental relations between Q, H, N and power furnish a con- 
venient means for reducing observed test results to a uniform 
basis. During tests it may be difficult to adjust, for instance, 
the speed to the exact value desired, but the results can easily 
be reduced to the proper values by the use of the relations 
given. For example, froma test we have N = 1,690 revolu- © 
tions per minute, QO = 610 gallons per minute, and H = 1o1 
feet. It is desired to find the proper values of Q and H fora 
speed of 1,700 revolutions per minute, in order to plot a con- 
stant speed characteristic. From equations (1) and (2) we have 
that 

Q« Nand H « N? 





Hence 
Quiwo = 610 X sy — 614 gallons, 
and 
Hyp = 103 = 102.1 feet. 


In a similar. way test results may be adjusted when either a 
constant head or a constant quantity characteristic is desired. 
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LUBRICANT TESTING. 


By LIEUTENANT COMMANDER G. J. MEvErs, U. S. Navy, 
MEMBER. 





The importance of the subject of friction and lubrication 
is evident to every engineer, as it must be considered in some 
one of its phases in any piece of machinery that moves. The 
resulting friction from the movement of one part over another 
is practically an unknown quantity as far as its relations with 
the variables that control it are concerned. With cylindrical 
bearings these variables are : 


. Temperature ; 

. Speed of the journal ; 

Load; 

Diameter of the journal ; 

. Length of the bearing ; 

. Arc of contact of the bearing. 


Aunfwn x 


It is evident that before intelligent investigation of lubri- 
cation can be made the relation of friction to each of the 
above variables must be determined. This relation, reduced 
to proper formulas, can then be used to reduce all results 
obtained to one standard or may be used to determine the 
standard conditions under which all testing should be con- 
ducted. 

After this determination, what are the characteristics of a 
lubricant that will tell us whether it is suitable for our pur- 
pose? There are three of these characteristics : 

1. A lubricant must form a film between the moving parts 
under a given initial load as soon as possible after motion 
begins. As lubrication is a function of speed, the film of 




















FIG. 1. 
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lubricant will not form until a certain speed is attained if 
the bearing is under a certain initial load. 

2. A lubricant must maintain the film between the moving 
parts under the heaviest loads that will be applied. 

3. A lubricant should possess ability to be used over and 
over again; that is, it should have high endurance. — 

With the object in view of investigating the above prop- 
erties a machine was built by the author while attached to 
the Post Graduate School at the U. S. Naval Academy and 
experimental work was conducted until interrupted by orders 
to sea duty. The results of this work, while incomplete, are 
offered as probably of considerable value in any future work 
along the same lines. A brief description of the machine fol- 
lows : 

General.—A photograph of the. machine used is shown in 
Fig. 1. The journal is screwed to a vertical hollow shaft, V, 
the journal itself being hollow. The bearings are contained 
and supported in a box, W, surrounding the journal, a bear- 
ing being placed on two opposite sides of this box. This box 
is oiltight except where the vertical shaft pierces the lid, and 
contains the oil under test. In this manner the bearing 
surfaces and the entire journal are surrounded by a bath of 
oil. The oil may be drawn from the bottom of the oil box, 
or the drain in the bottom of the oil box may be left open if 
it is desired to investigate any other than bath lubrication. 

Load.—The load is applied by screwing up on A and com- 
pressing the triple concentric helical spring B. One end of 
this spring bears against a plate at the end of rods C, the 
other ends of these rods attach to a plate, D, which bears 
against the bearing opposite the spring. The other end of 
the spring bears against a plate which is in contact with the 
back of the bearing on the same side as the spring. Com- 
pressing the spring results in pressing both bearings against 
the journal. Loads from about zero up to 15,000 pounds may 
be applied by using different combinations of these three 
springs. The amount of load is determined by reading the 
amount of deflection indicated by the pointer, E, the springs 
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having been calibrated in a tensile testing machine. The 
load may be held constant or varied. 

Speed.—The speed of the journal is maintained by a 1o- 
H.P. motor. Speed is varied by using the Ward Leonard 
system of drive. The journal may be driven at speeds any- 
where between about 15 revolutions per minute to about 2,000 
revolutions per minute. The speed is measured by a Hop- 
kins electrical tachometer. 

Temperature.—The temperature is controlled by circulat- 
ing water, steam, or brine from an ice machine through the 
inside of the journal and around the outside of the oil box. 
The temperature-conttolling agent flows through pipe F, in- 
side the shaft to the bottom of the shaft, then into the journal, 
then into the shaft on the outside of pipe F, to the top of the 
shaft, and discharges through pipe G. It flows to the outside 
of the oil box from pipe H by means of a flexible rubber tube 
and discharges through cocks I. The temperature is measured 
by a thermometer supported by the lid of the oil box. This 
thermometer is put through a hole in the lid, its bulb being 
placed at the off-side of one of the bearings at about the 
middle of the bearing close to both bearing and journal. 
About a half hour after starting to cool or heat, the journals, 
bearings, and oil bath are very nearly the same temperature, 
and the temperature of all will be indicated within a degree 
by this one thermometer. ; 

The main feature of this machine is the almost absolute 
temperature control. Unless temperature is controlled in 
some way the data obtained on any machine are very apt to 
be misleading. While the temperature of the four variables— 
bearings, journal, oil film and oil bath—could not be controlled 
independently, the temperature of all together could be held 
constant at about the same point. In machines built hereto- 
fore the temperature has usually been allowed to run riot, and 
as oil in its lubricating effects is more sensitive to temperature 
than to any other factor, the data obtained has never been 
satisfactory. 

Friction.—Friction is measured on a beam scale. With a 
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7-inch journal the total friction can be measured within 0.237 
of a pound. The oil box, bearings and load spring are free 
to turn, nothing resisting the force of friction between journal 
and bearings but the friction of the wire bearing, K, which 
_ Supports the weight of these parts, and the scale. The end of 
one arm of a bell-crank lever is attached to the plate L, at M, 
the pivot of the bell-crank lever is fixed to the table R at N ; 
the other arm of the bell-crank lever is attached to a wooden 
shoe resting on the scale pan. When the scale is at a balance 
the friction of the wire bearing, K, is negligible, and if there 
is any vibration of the scale this friction tends to dampen the 
oscillations of the scale beam. 

Cleaning Otl-Box Bearings, etc.—The table, R, may be 
lowered so that the top of the oil box is clear of the bottom 
of the journal, and may then be swung to one side with the 
pedestal, P, as a pivot, by disconnecting the bell-crank lever 
at M and coming up on the bolts that secure table R to the 
pedestal, P. The bearings may be removed from the oil box, 
and the oil box removed for cleaning when changing oils. 
After each test of an oil the bearings, journal and oil box 
should be cleaned of oil with gasoline after removing all the 
oil from them. 

Pressure of Owl Film.—The pressure of the oil film at any 
point of the bearing may be determined by ordinary pressure 
gage attached to the bearing and connected with the oil film 
by the necessary holes. These holes should be plugged on 
the outside when the bearing is in use with the gage de- 
tached. 

Fit of the Bearings.—In order to get regular and consist- 
ent results the bearings must be allowed to wear to a fit, as 
no amount of scraping will result in as perfect a fit as can be 
obtained by actually running the journal at a moderate speed 
with a moderate load on the bearing. To expedite the fitting 
of the bearing in this manner a bar of sapolio was thoroughly 
dissolved in about a quart of water and to this was added about 
a quart of oil. This mixture was then used to lubricate the 
bearings, the machine being run for about sixteen hours. 
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This process was performed twice and the bearings maintained 
their fit throughout the tests. The constant running of the 
machine during the tests improved this fit considerably. In 
running endurance tests, however, there will undoubtedly be 
abrasion of the bearings at the end of each run, and the bear- 
ings will have to be ground after each one of these tests. 

Quantity of Oz1l Used.—In all tests except endurance tests 
about five pints of oil are required to cover the journal. For 
endurance tests the clearance in the oil box is reduced so that 
a quart of oil can be used. To make all the desired tests of 
an oil will require about a gallon and a-half of oil. 

Size, etc., of Journal and Bearings.—All data recorded in 
this report were taken with a journal 7 inches in diameter. 
Each of the two bearings used was 6 inches long and had an 
are of bearing on the journal of 90 degrees. 

Before starting work of testing, the following list of ob- 
servations was made up and it was attempted to obtain as 
many data covering this list as was possible in the three months 
allowed for the work, but, as the machine was only in its 
experimental stage and had not been tried out, delays were 
encountered in making small alterations, adjustments, repairs, 
etc., that could not be foreseen until after the work had 
started : 

(a) Relation between temperature and friction with speed 
and load constant, varying the temperature. 

(4) Relation between speed and friction with temperature 
and load constant, varying the speed. 

(c) Relation between load and friction with temperature 
and speed constant, varying the load. 

(2) Relation between speed, load and temperature and the 
maximum pressure of the oil film. 

(e) Comparison between wick-feed and bath lubrication. 

(/) Determination of the critical speed of several oils, and 
by comparison to note if there is a wide enough difference in 
the values to make this one factor in the selection of oils. 

(g) Endurance test of oils with a given quantity of oil for 
each test. The temperature to be about 200 degrees F., speed 











LUBRICANT TESTING. 703 


about 50 feet per second, and load not less than 200 pounds 
per square inch. Temperature, speed and load to be held 
constant, the two variable arguments being time and friction. 

(2) Determination of the film breakdown loads for various 
oils, and by comparison to note. if the values found can be 
used as a factor in the selection of oils. 

(z) A test of the various forms of oil grooves found in 
service and a determination of their relative values. 

(7) Determination of the value of graphite in oil. 

(4) Determination of the value of friction for various sized 
journals with bearings of constant length and constant arc of 
bearing. 

(2) Determination of the value of friction for bearings of 
different lengths and different arcs of contact, with special 
teference to clearance, chamfer at the edges, relation between 
radius of the journal and radius of the bearings, and a final 
determination of the most efficient arc of bearing. 

(m) Tests of greases. 

(z) Test of an oil that has all the black matter that ordin- 
arily deposits under heat removed by special treatment. 

Data were obtained for (a), (4), (@), (/) and (7) as follows : 














TABLE I. 
Oil Number...............| 2 | 2 2 3 3 4 
Speed, ft. per sec....... 1.07 | 1.98 | 3-3 | 2.66 3.05 1.86 
Load, lbs, per.sq. in..} 15.1 | 15.1 | 15 P| 15.1 15.1 32.7 
Friction 
Temperature, degs. F. pounds per square inch of bearing surface, 
200 sé -104 -104 | .097 | 297 .122 
184 093 .107 Ht | tor | aed 
141 . -104 122 “143 | +129 ‘101 172 
121 118 | «158 -143 | .1I5 .186 
107 -197 | .304 an | .179 |. .193.| — .236 








Relation between Friction and Temperature.—Table I gives 
the results of several runs with constant speed and load and 
with variable temperature of journal, bearings, oil bath and 
oil film, The results verify the law that friction of lubricated 
surfaces decreases with rise of temperature. The decrease is 

47 
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greater at the higher speeds; and as the temperature rises the 
friction becomes more nearly constant for variable speeds. 











TABLE II. 
5 pluso.25 
Ol NO.i.c0t5isi.5.3.. 2 5 I 4 per cent. 
graphite. 
Temp. degs. F..... 84 70 72 to 78 84 70 to 76 
Load, lbs. per sq. 
Bis csssias.. acess: 15.1 32.7 32.7 32.7 32.7 
fe : - r 
¥ /e8| Biles) E128] E128) F las 
ain |oln | ole |ole | a le” 








-27| .115 | 1.44] .229| 1.44 | .208 | 1.86| .236| 1.44} .233 
-52 | «140 | 1.53 | .236| 1.53 | .211| 2.35 |.244| 1.53] .240 
-82 | .172| 1.89 | .251| 1.89] .222| 2.66|.247| 1.89] .256 
1.07 | .197 | 2.35 | -269| 2.35 | .236| 3.05 | .253| 2.35 | .276 
1.37 | -265 | 2.75 | .286| 2.75 | .244| 3.85 | .276| 2.75| .290 
1.98 | :304 | 3.39 | .304| 3.21 | .256 = .286| 3.39] .312 
































2.63 | .344 | 3-66 | .315 | 3.73 | .265 ws | 3.64] .319 
3-36 | .373 | 4.12] .333| 4.15 |.272| ... s+ | 4.15 | -333 
4.09 | .416 | 4.37 | .348| 4.64) .283/ ... | ... | 4.43] .344 
4-55 -426 | 5.86 | .361| 5.86).290| ... | ... | §.80] .391 
«- | 6.23 | .365 | 6.20] .297| ... | ... | 6.23] .398- 
7-24 | .394| 7.51} .348| ... | ... | 7.24) .416 
7-64 | .398| 8.40|.358] ... | ... | 7.63} 426 
8:39 | .416| 9.47 | .387| ... | ... | 8.40] .437 
9.28 | .441 | 10.38] .401| ... |... |.9.28| .448 
doh] peel MAGMA MEO ses hi, 605 wee -477 
15.08)| AGS | Se | ace ae 

16.80 | .487 





Speed of journal is in feet per second. 
Friction is in pounds per square inch of bearing surface. 


Relation between Friction and Speed.—Table II gives the 
results of runs with constant temperature and constant load 
with variable speed. The results were — and the fol- 
lowing formulas were deduced : 


Mineral oil No.2... 
Mineral oil No.5 . 
Mineral oil No. 1 

Mineral oil No.4... 


=.10 + .10381v% 
= «155 + -053047% 
= .160 + .0372578 
= .192 + .02768v* 


NS NS RN 


where 7 = friction per square inch of bearing surface, 
and wv = speed of journal in feet per second. 
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Substituting in these formulas values of V from zero up to 
the highest values used in each case, curves were plotted and 
compared with the actual results. The close coincidence of 
the actual results and the results calculated from the above 
formulas show that the formula, ry = K + K,v%, is very 
nearly correct for speeds above the critical speed, at ordinary 
temperatures. K and K, are constants depending on the oil 
used, K not varying as much as K, with rise of temperature. 


TABLE III. 
Oil No. 6.—Temperature, 74 degs. F. 

















Load, ; 

Ibs.pr. 15.1 32.7 48.3 67.2 83.9 101.5 

sq. in. 
Ao} vo} 3 ve! els vO] vo) o 
$ igsi 8 leg] Ble! 8 lee] B leet 8 lez 

La a Ya YG YG a 

& Ee BES SES) Bee BOBS) 2 
1.56 | 50 | 2.35 | 94 | 2.35 | 146.5] 3.12|185| 3.12|235| 3.12 | 290 
2.35 | 50 | 3.12) 94 | 3-12) 145.5] 3-88|185| 3.88 | 235| 3.88 | 290 
3-12] 49 | 3.88) 94 | 3-88/ 144.5| 4.70/185| 4.64 | 235| 4.70 | 290 
3.88 | 48 | 4.70] 93 | 4.70/ 142.0] 6.17|185| 6.17|235| 6.17 | 285 
4-70| 47 | 6.17| 92} 6.17} 142.0] 7.39|183]| 7.21 |235| 8.09 | 280 
5-71 | 46 | 7.08) 91 | 7.45| 141.0] 9.16|181| 8.09} 235 | 10.23 | 278 
6.17| 46 | 8.09] 91 | 8.28| 140.0| 10.23 | 180] 9,10 | 234| 11.60 | 277 
7-11| 46 | 9.16| 90| 9.16 | 139.0| 12.22 | 178} 10.23 | 234| 13.65 | 276 
7.48 | 46 | 10.29 | go | 10.29 | 138.0] 14.05 | 177| 11.60 | 233 | 15.27 | 275 
8.25 | 46 | 11.66 | go | 11.63 | 137.5 | 15.27 | 176| 12.22/232| ... |... 
9.16 | 46 | 12.28) 90 | 12.31 | 137.5] ... | ... | 12.64 | 232 
10.23 | 46 | 13.74} 90 | 13.74 | 137.0 13.13 | 232 
11.60 | 45 | 15.27 | 90 | 15.27 | 136.0 14.50 | 230 
12.28| 45 | ... ine =a oa 15.27 | 229 
con, SE Pera aren eres se sib Ditwect het ate tieaees! ees 
ES27 PAG bce | ad | ae ads bb A [Rec RES 






































Speed of journal is in feet per second. 
Pressure is the maximum pressure of the oil film in pounds per square 
inch by gage. 


Relation between Speed, Load and Temperature and Max- 
imum Pressure of the Oil Film.—By attaching a pressure 
gage to one of the bearings at Y, Fig. 2, with a hole drilled 
as shown to connect with the oil film at X, the maximum 
pressure of the oil film was recorded by the gage. The first 
set of data was taken at constant temperature for several dif- 
ferent loads, with variable speed for each load. These data 
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are contained in Table III. ‘The maximum pressure increases 
with the load and seems to decrease slightly with increase of 
speed. While speed seems to be necessary to obtain ‘this 
pressure, it is not necessary to have speed to maintain it, as the 
pressure will remain until the load is released after stopping 
the journal. 

















FIG. 2. 


The second set of data was taken at four different loads 
with speed constant for each load but with variable tempera- 
ture. These data are contained in Table IV. The maximum 
pressure increases with temperature from about ¢hree times 
the load per square inch at ordinary temperature to about szx 
times the load per square inch at 200 degrees F. 

Table V gives the results for another oil. A comparison of 
Table V with Table III shows that the maximum pressure 
of the oil film is also a function of the oil used. 

Both Tables III and IV illustrate the folly of attempting 
to introduce oil to the bearing at a point anywhere near the 
line of load, and also illustrate the feebleness of twenty pounds 
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pressure or less on turbine forced-lubrication systems where 


the oil is introduced very near the bottom of the bearing. 


Critical Speed.—After eliminating undesirable oils by suit- 
able chemical tests, it has been attempted to devise some 
physical test that will be practical in the further elimination 
of oil below a certain standard. 























TABLE IV. 
Oil No. 6. 
Load, lbs. per sq. in.. 15.1 32.7 49-3 60.3 
Speed, ft. per sec...... 2.29 2.29 3.12 2.12 

S|. ae : sgt B® 
& 4 oF 8 a, a, 3 
Bi, fi bi ble) el] ele 
& |e teeta |e Pe) ae Pe 
80 | 51.5 83 97 87 | 146 81 | 166 
84 | §2 94 | 97 90 | 146 | 86 166 
87 | 52.5} 98 | 97 98 | 146 90| 166 
94 | 53-5} 103 | 97-5| 106 | 145 | 94 | 171 
100 | 54.5} I14 | 103 126. | 145 98 | 174 
108 | 56 137 | Io9 147 | 160 | 108 | 177 
116 | 57 147 | III 154 | 167 | 116 | 181 
126 | 57.5| 154 | 114 164 | 172 | 133 | 183 
136 | 59 166 | 116 172 | 175 | 138 | 185 
146 | 60 174 | 120 192 | 225 | 154 | Igo 
170 | 64 183 | 130 196 | 235 | 170 | 205 
180 | 70 196 | 140 200 | 262 | 192 | 250 
186 | 73 198 | 142 196 | 270 
192 | 75 200 | 145 198 | 280 
200 | 80 202 | 147 200 | 295 
204 | 87 206 | 153 pee pe ee 

















Temperature is that of journal, bearings, oil film and oil bath. 
Pressure is the maximum pressure of the oil film in pounds per square inch 


by gage. 


TABLE V. 
Oil No. 2.—Temperature, 76 Degrees F. to 80 Degrees F., 





















































gs 15.1 32.7 49-3 67.2 83.9 101.5 
iid |g 3 é| ¢ i|.6| 9 ¢| 31,8! 0 ia 
Syl E ibs] Bee) Bike| Ege! Eee) & igs 
Ban ie*| a lk aD | ao |h On |e an a” 
6.17| 55 | 6.17 | 96 6.17| 146 | 6.17| 173 | 6.17| 225 | 6.17| 273 
9.16 | 54 | 9.16/95.5| 9.16| 144 | 9.16| 169 | 9.16} 225 | 9.16| 269 
12.22 | 54 | 12.22|95 | 12.22] 144|12.22| 168 | 12,22} 222 | 12.22| 268 
15.27 | 54 | 14.35 | 95 | 14.20] Iq2 | 13.59} 167 | 15.27 | 222 | 15.27| 268 








Speed of journal is in feet per second, 
Pressure is the maximum pressure of the oil film, pounds per square inch 


by gage. 
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One of the physical properties of a lubricant is its ability 
to form an oil film when the journal is under a certain load 
when the journal reaches acertain speed. The speed at which 


Oil No.1. 
Temp-200°F. 
Table W1. 
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the oil film forms under a given load is called the critical 
speed for that load. As one of the functions of the lubricant 
is to form a film between the two rubbing surfaces and thus 
reduce friction and wear, and as proper lubrication is directly 


TABLE VI. 
Oil No. 1.—Temperature, 200 degrees F. 








Load, pounds per | Friction, a. Speed of journal, | Critical speed, 
square inch. gon er - wag feet per second. | feet per second. 
32.7 .122 1.44 1.53 
.118 1.53 
.122 1.77 
| 125 2.05 
| 129 2.66 
49.3 154 1.44 1.85 
147 1.50 
132 1.77 
132 1.89 
136 2.20 
.140 3.12 
-147 3.82 
67.2 .276 * 1.44 2.69 
265 1.50 
-179 1.89 
154 2.32 
-147 2.69 
-150 3.08 
-154 3.63 
83.9 516 1.44 3.08 
297 1.89 
201 2.35 
165 3.08 
166 3.36 é 
167 3.63 
4.18 
101.5 337 2.32 
222 3.05 
+204 3-33 
-197 3.60 
-190 3-79 
186 3.82 
.184 4.12 
.182 4.18 
.186 4.43 

















‘a function of the speed of the journal, the critical speed 
should be taken as one of the factors in selecting lubricants. 
That is, if for each of several different loads the critical speed 
is found for each lubricant, then, with the loads and cor- 
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responding critical speeds as arguments, a curve of critical 
speeds is plotted for each lubricant tested, that lubricant 
which has the lowest critical speeds should be the best.of the 
lubricants tested. This curve for each lubricant shows the 
lubricant’s ability to form the film. 


The critical speeds for four different oils were found as | 
‘follows : 


The load and temperature were maintained constant for 
each test. The journal was first run at a speed below the 
critical speed, and changed by small increments, the friction 
being measured and recorded at each speed. Below the 
critical speed the friction decreased with increase of speed 
and reached a minimum at the critical speed and then started 
to increase, following nearly the relation, y= K + K,V%. 
At the point where friction was least the speed was read off 
and tabulated as the critical speed. This point was found at 
several different loads. This process is illustrated in Fig. 3, 
which is typical of each lubricant tested. (Table VI.) 

Then with the loads and corresponding critical speeds for 
each oil as arguments, the curves in Fig. 4 were plotted. 
These show that oil No, 2 is better than the other oils; that 
is, it will more readily form a film between the journal and 


the bearings. The order of merit of these four oils is as fol- 
lows : 


First, : : ‘ : . Oil No. 2; 
Second, . ‘ ; ; ; Oil No. 3; 
 eoird, ; ‘ ‘ A Oil No. 4; 
Fourth, . ; F ; c Oil No. 1. 


To the best of my knowledge this is about the order of 
merit of the oils as proven in use and previous tests, oil No. 2 
proving in use that it has no equal. (Table VII.) 

Stress must be laid on the following facts : 

(a) It is impossible to obtain any consistent results without 
maintaining constant temperature of the journal, bearings, ° 
oil bath and oil film. 


(4) Results will be erratic if the bearings do not fit properly. 
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It has always been a contention that laboratory tests with a 
bearing and journal are not reliable because in practice the 
bearings do not fit as well as in the laboratory tests. That 
this is not true must be granted when it is considered that 
bearings in constant use will wear to a perfect fit in a short 
time, and will remain in that condition if abundantly and 
properly lubricated, and that a bearing when so lubricated, 


Temp.-200 F. 
Table Wl. 





FIG. 4. 


if it heats above the normal, is wearing to a perfect fit. Be- 
yond a certain point all the scraping and care that can be 
given in fitting a bearing will not give it as perfect a fit as 
the journal itself will give it in actual use. Consequently 
there is no reason why bearings in service should not be in 
ideal condition if properly lubricated, and no reason why data . 
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obtained on a laboratory machine should not be perfectly 
applicable to machinery in service. 

Comparison of Mineral Oil with the Same Oil containing 
0.25 Per Cent. of Graphite (Table I1).—With the load and 
temperature constant a run was made with mineral oil No. 5, 
varying the speed and measuring the friction for each speed. 

Under as nearly the same conditions as possible a run was 
made with the same oil containing 0.25 per cent. of graphite. 




















TaBLE VII. 
| | 5 pluso.25 
OU: NO ssirsisbeasastpnass I 2 3 Pa ae, per cent. 
; | graphite, 
Load, lbs. per sq. in. its 
per Coariae ser aay Critical speed, feet per second. 
15.1 segs 1,03 aay ‘ad $e ae 
32.7 1.53 1.44 1.60 1.51 1.46 1.47 
49.3 1.85 1.51 2.05 1.74 1.79 1.68 
67.2 2.69 1.53 2.20 2.21 2.18 2.23 
83.9 | 3.08 1.62 2.29 2.71 3.16 3.18 
101.5 | 4.18 1.71 2.85 3.51 4.09 4.12 
119.0 [ree 2.05 | 346 | 3.76 wee a 














This percentage is claimed to give the least friction. Com- 
paring the results, it is seen that the presence of graphite had 
no appreciable effect on the lubrication, the friction being 
about the same in each case. The results of these two runs 
both follow very closely the formula: 7 =.155 + .05304V*. 
Table VII gives the data for critical speeds of oil No. 5 
and of oil No. 5 plus 0.25 per cent. of graphite. It will be 
seen that there was no appreciable difference in the film- 
forming properties between the two. 
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NOTES ON OPERATION OF SUBMARINE DIESEL 
ENGINES. 


By Lizurenant F. C. SHerman, U. S. N., MEMBER. 


The following notes have been made as the result of prac- 
tical experience in operating submarine Diesel engines of the 
two-cycle Neurnberg type of New London Ship and Engine 
Co. manufacture. They are particularly applicable to that 
engine, but it is felt that some of the ideas evolved may be 
adaptable to engines of other types when similar troubles have 
been experienced. No attempt is made to go into details of 
design or into the theory of Diesel engine construction as it is 
considered to be out of the province of this paper to treat of 
such technicalities. The notes made are the result of the 
writer's four years experience in operating engines of thé type 
mentioned above and are made with the idea that they might 
. be of some use to other operators of submarine Diesel engines. 
They are grouped into five divisions, as follows: 


I. Crank-case explosions. 
II. Piston and cylinder troubles. 
III. Wrist-pin troubles. 
IV. Air-compressor troubles. 
V. Auxiliaries. 


In spite of the wide spread reports of unreliability of sub- 
marine Diesel engines of the past few years, the writer has 
always maintained that every effort should be made to make 
the material operate satisfactorily before condemning it as 
unsatisfactory and unreliable. In many cases further inves- 
tigation has shown that inexperienced personnel are to blame 
and not the long suffering and almost always blamed material. 
Acting under this assumption, every trouble experienced was 
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thoroughly gone into and, if possible, a remedy for it evolved. 
The following notes are made from some of the troubles dis- 
covered and cured. It is hoped that they will be of some 
assistance to. other Diesel engine operators perhaps wrestling 
with similar troubles. 


I.—CRANK-CASE EXPLOSIONS. 


In the type of engine upon which this discussion is based, 
the crank case is totally enclosed and the oil from the lubri- 
cating system, after cooling the piston heads, is drained into 
the crank case, from which it runs into the settling tank and is 
used over again. The scavenger air for the working cylinders 
is compressed in a scavenger cylinder in tandem with the work- 
ing cylinder and the piston is of the stepped type, the lower 
step working in the scavenger cylinder and compressing the 
scavenger air which is forced into a housing around the scav- 
enger cylinder and above the crank case. The scavenger 
cylinder makes a joint between the crank case and the scav- 
enget housing. Now in every case of crank case explosions 
it was found that there was a leak from the scavenger hous- 
ing*to the crank case. This joint was packed with soft pack- 
ing and proved to be very difficult to keep tight, due to the 
scavenger cylinder holding-down bolts working loose from 
continual shock. But in every case of crank-case explosion, 
a leak of scavenger air to the crank case was found, and when 
it was corrected the explosions stopped. The permanent care 
taken following this discovery was to test the scavenger hous- 
ing at frequent intervals for tightness with air pressure and 
to examine frequently the scavenger cylinder holding-down 
bolts and to keep them set up tight every time they came loose. 
These tests were made about once a month, as convenient with 
the boat’s operation, and, following this care, practically all 
crank-case ‘explosions and their destructive results were 
eliminated. 

As to the theory of why this scavenger-air leak resulted in 
crank-case explosions it is impossible to give any very satis- 
factory explanation. ‘The scavenger-air pressure is only about 
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seven pounds and its temperature from 140 degrees F. to 160 
degrees F., although sometimes it would go up to 180 de- 
grees F. It:occurred to the writer that the lubricating oil 
draining into the crank case must be churned up considerably 
by the cranks revolving therein, which, together with the work- 
ing heat of the engine, would cause a distillation of the volatile 
products* of the oil, and form an explosive mixture of vapor* 
in the crank case, totally enclosed. ‘The ignition point of this 
mixture must be close to or below the scavenger-air tempera- 
ture, and consequently when the scavenger air leaked into the 
crank case the explosion resulted. Whether this is the true 
explanation or not, it is difficult to say, but it is certain that 
when there was no leak from scavenger housing to crank case 
no crank-case explosions occurred. 

Another remedy adopted, not as a cure but to reduce the 
effect of a crank-case explosion, was to install’a vent to the 
crank case. ‘The crank case is totally enclosed only for the 
purpose of retaining the oil used in the lubricating system and 
prevent its being splashed about in the engine room. The 
result was that when a crank-case explosion occurred the gas 
had no place to escape without wrecking something, blowing 
off the crank-case doors or housing: ‘To prevent this, a 214- 
inch pipe was led from one end of the crank-case housing and 
left entirely open. The end was taken to the scavenger stuc- 
tion intake for the purpose of furnishing a slight draft to the 
crank case and removing any gases collected there. This was 
not entirely necessary, however, as the main purpose of the 
pipe was to'furnish an opening to the crank case to allow the 
expanded gases of the explosion to get out without blowing 
something out. As a result of this, if a crank-case explosion 
occurred, in spite of our efforts to keep the scavenger housing 
tight, no damage resulted. 

Another feature of the leak.in the scavenger housing was 
found to be that the scavenger-housing temperature increased 
unduly, especially when running at higher powers. This undue 





* This explanation seems doubtful. It is more probable that the explosive mixture 
present consists of oil bubbles filled with hot air.—EDITOR. 
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rise of temperature probably resulted from slight burning of 
the oil vapor around the leak causing an increase of the tem- 
perature without, however, causing an explosion. A correc- 
tion of the air leak always resulted in a decrease of scavenger- 
housing temperatures. 

These leaks from the scavenger housing, it must be under- 
stood, were not sufficient to cause trouble from drop in scav- 
enger-air pressure and would ordinarily not be expected to 
give any trouble. The effects on crank-case explosions and 
housing temperatures, however, were extremely annoying, as 
outlined above. 

Closely allied with the crank-case explosions, but of an 
entirely different nature, were scavenger-housing explosions. 
We found these to be due to two causes, namely, presence of 
a superfluity of oil in scavenger housing and leaky or defective 
scavenger valves. If there was too much oil in the scavenger 
air, and the scavenger valve to the working cylinder remained 
open an instant too long, or leaked after it was closed, the 
compression temperature or flame from the working cylinder 
would be transmitted to the scavenger housing and set off the 
oil and vapor in that chamber, resulting in an explosion liable 
to wreck the housing, as relief valves fitted there were never 
efficient in quickly releasing the excessive pressure formed. 
The remedy for this form of ‘explosion was to keep excessive 
oil out of the scavenger housing through drains fitted at the 
bottom and to keep the scavenger valves to the working cylin- 
ders functioning properly. With these precautions very little 
further trouble was experienced with scavenger-housing 
explosions. 


II.—PISTON AND CYLINDER TROUBLES. 


Under this head are comprised cracked piston heads, cracked 
cylinders, cracked pistons and piston seizures. These troubles 
are almost all traceable to defective cooling of the piston head. 

_On the particular type of engine in question, the pistons were 
cooled by lubricating oil forced up from the lubricating sys- 
tem through the connecting rod and wrist pin and then up 
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through a pipe leading to the hollow piston head and thence 
down on the opposite side through a drain pipe to the crank 
case, whence it drains by gravity to the settling tanks. 

All of the troubles enumerated above were directly attributa- 
ble to defective cooling of the piston heads. The most fre- 
quent cause of this was the presence of salt water in the lubri- 
cating oil which remained in the piston head owing to the 
location of cooling-water inlet and outlet. Due to the tem- 
perature to which the oil was subjected, the water would 
quickly evaporate, leaving a salt deposit in the oil which was 
black in color, giving the appearance of carbon. For a long 
time this deposit was thought to be carbon, on account of its 
color, but an analysis showed it to be over 90 per cent. salt. 
This salt would form a black, gummy mass, and would soon 
collect in the piston heads and pipes leading to the piston heads 
and result in decreasing or blocking altogether the supply of 
cooling oil to the piston heads. Instantaneously the piston 
head would get hot and either crack or seize, or heat would 
travel to the cylinder or piston itself, resulting in cracking the 
cylinder with its cooling water outside or the piston seizing 
and cracking. Obviously the remedy for this is to keep salt 
water out of the oil. However, with an engine using salt 
water for its cylinder-cooling and oil-cooling medium, this is 
not as easy to do as it sounds; but it can be done if proper care 
is exercised. On the vessel on which the writer served it was 
never completely accomplished until the circulating-water 
pumps were removed from over the crank case where water 
leaking slightly past the plungers and stuffing boxes found its 
way into the crank case and there mixed with the oil. Another 
frequent source of trouble were the oil coolers, where the oil 
is cooled by circulating water before being again used in the 
engine system. The oil passed through nests of tubes sur- 
rounded by cooling water, and trouble was experienced in pre- 
venting tubes from pitting through and gaskets from leaking. 
Whereas the oil pressure when the engine was running was 
greater than the water pressure the leak would become effect-. 
ive when the engine was shut down and. the lubricating-oil 
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pumps stopped. Water would then leak in and cause trouble 
on the next run of the engine. Another source of leaks was 
from slight cracks in cylinders, sometimes quite imperceptible 
to the eye when cylinder was cold, but allowing slight leaks of 
cooling water to crank case when warm. All of these leaks, 
wherever they may be, must be prevented to insure proper 
cooling of piston heads and to prevent troubles ensuing from 
this source. 
III:—WRIST-PIN TROUBLES. 


Wrist-pin troubles in brief are due to insufficient lubrica- 
tion, insufficient clearance, undue wear on bushing or pin, and 
heating resulting from hot piston or piston head. 

The trouble due to insufficient lubrication causing hot wrist 
pins is in some cases traceable to the salt water in the oil, as 
explained above, and is caused by clogging of the oil passages 
as described. The remedy is the same as was there given. 
In other cases, however, it may be due to improper grooving 
of the wrist-pin bushing or bearing surface. This subject 
must be studied in connection with the approved forms of oil 
grooves for bearings, and steps taken to insure that the oil is 
being properly distributed on the wrist-pin bearing. As it has 
no special features, it is not gone into further here. On 
engines with forced-lubrication pumps operating from the 
main engine shaft, hot wrist pins frequently develop on first 
starting up an engine. This is probably caused by lack of 
lubricating oil in the wrist-pin bearings, the highest part of 
the system, when the engine is first turned over. ‘This can be 
prevented on engines with an independent lubricating pump 
by starting up the auxiliary lubricating pump several minutes 
before attempting to turn over the main engines and running 
it long enough to insure getting lubricating oil to all parts of 
the system. ‘This should always be done before starting up, 
as frequently wrist pins will run hot and wipe in the few 
minutes before oil from the attached pumps can get to them. 

Insufficient clearance on wrist-pin bushings sometimes re- 
‘sults in not allowing sufficient lubricating oil to form a good 
film on the bearing and causes wiping or heating of the wrist 
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pin. Good practice is to allow about .002 inch vertical clear- 
ance between the pin and bushing and about .006 to .008 
clearance on the sides. This additional side clearance gives 
no more play in the bearing, as the pressure is always vertical, 
but gives the oil a better chance to circulate in the bearing and 
form the “oil film” for lubrication. 

Undue wear on wrist-pin bushings results in loss of lubri- 
cating oil from the bearing due to leakage, and also in loss 
of compression in the cylinders from the dropping down of 
the pistons. Good lubrication in a forced-feed system requires 
reduction of all oil leaks to a minimum, especially where the 
oil is also required for cooling of piston heads.. Every oil leak 
results in a loss of pressure and thus affects the quantity of 
oil going through the piston heads for cooling and also the 
effectiveness of the lubrication through reduction of the oil 
pressure on each bearing. Consequently anything which can be 
done to prevent undue wear on the wrist-pin bushings is impor- 
tant. In addition, loss of compression in the cylinders causes 
inefficient combustion of the fuel, reducing the economy of the 
engine, and necessitates frequent overhaul and insertion of 
liners under connecting rods to increase compression or fre- 
quent renewal of wrist-pin bushings. This reduces the avail- 
ability of the engine and:is extremely undesirable. ‘This: undue 
wear on bushings may be due to insufficient lubrication on 
starting up, as described above, and is remedied as there given. 
However, it may be caused by improperly made wrist pins or 
bushings. The bushings should be of phosphor bronze, of as 
tough and durable a composition as possible. The wrist pins 
are of steel, hardened on their wearing surface by either the 
bone or cyanide processes. The wrist pins furnished us orig- 
inally were bored out from one end only and that end plugged 
with a threaded brass plug. We found that the pins: would 
take a more uniform heat and better hardening if the pins 
before hardening were bored clear through and both ends 
plugged with the threaded brass plugs. This was a slightly 
more costly process, but resulted in much better pins, and is 
recommended for all wrist pins: for Diesel engines. These 

48 
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steps are about all that can be taken to reduce undue wear on 
wrist pins and bushings. 

Heating of wrist pins from hot pistons and piston heads is 
caused by heat transference from the above parts and can 
only be remedied by correcting the cause as discussed under 
II above. 


IV.—AIR-COMPRESSOR TROUBLES. 


Diesel engine air-compressor troubles comprise valve trou- 
ble, cooler leaks and explosions. They are due to the high 
temperatures created when the air is compressed in two or 
more stages from atmospheric pressure to approximately 
1,000 pounds per square inch. In the type of engine men- 
tioned at the beginning of this paper, the compressor was 
designed to take its suction from the scavenger-air housing, 
and it was then compressed in two stages in tandem to 800 to 
1,000 pounds per square inch. This air was cooled from each 
stage in a cooler consisting of nests of small, straight tubes 
around which circulated cooling water. The air from the 
2d-stage cooler passes to the spray-air bottle which acts as a 
‘ reservoir on the way to the spray-air line of the engine. It 
will be seen that when the two-stage air compressor takes its 
suction from the scavenger housing containing air at seven 
pounds pressure (above atmosphere) it virtually makes a 
three-stage compression.. On our engine, however, there was 
always so much oil in the scavenger housing that it was con- 
sidered dangerous to compress air containing so much oil and 
subject it to the temperatures reached, and in practice it gave 
considerable trouble. So the suction to the scavenger housing 
was disconnected and a suction direct to the atmosphere sub- 
stituted, which gave a straight two-stage compression from 
atmospheric pressure to 1,000 pounds per square inch. This 
worked much more satisfactorily as regards presence of oily 
vapor in the compressed air and occurrence of cooler explo- 
sions. 

- A common practice in Diesel engine design seems to be to 
have a restriction in the spray-air line between the reservoir 
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and the engine. The only object of this that I have been able 
to discover is to enable a higher pressure to be carried in the 
reservoir than is needed on the spray-air system, so as to build 
up a reserve for starting after the engine has been shut down. 
If this is its purpose it never was successful for us, and only 
resulted in reducing the amount of spray air we were able to 
get through to the fuel valves. Furthermore, it would fre- 
quently clog up and catch dirt and oil to further reduce the 
opening, so that in general it was more of a nuisance than any- 
thing else. Acting on this belief, the restriction on the spray 
air was removed entirely and much better results in every 
way were obtained. Whereas before, poor fuel combustion 
had been obtained when carrying 800 to 900 pounds pressure 
on the spray air, after removing the restriction perfect com- 
bustion was obtained with as low as 550 to 600 pounds pres- 
sure on the spray air. Needless to say, the restriction was 
never again replaced. This may not be of any advantage on 
other engines, as the type of fuel valve and size of spray nozzle 
may not permit of any difference, but for us it worked won- 
derfully well, giving better fuel pulverization and relieved 
the air compressor enormously of extra load and correspond- 
ingly higher temperatures due to the higher pressure required 
with the restriction in place. 

Another point in regard to air-compressor trouble is cylinder 
lubrication. The principal danger of this is too much lubrica- 
tion, allowing oil to be carried into the compressed air and 
causing high temperatures or explosions from burning or 
combustion of the oil vapor. The best practice is to eliminate 
direct cylinder lubrication entirely and depend on the moisture 
and oily vapor in the engine-room atmosphere to furnish suf- 
ficient lubrication. In practice this worked very well for us, 
and we had no trouble from lubrication while using no oil 
whatsoever directly on the air compressors. 

The principal valve trouble which we experienced was due 
to the valve springs losing their temper after a few hours’ 
‘running due to the high temperatures of the uncooled air to 
which they were subjected. The second-stage suction valve was 
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the principal source of trouble, and when its spring gave out 
it would leak, allowing second-stage pressure to back up in 
the first-stage receiver and increase the work on the first stage 
and, in general, raise hob. Another source of valve trouble 
was the gradual collection of carbon deposits on the valve seats 
due to the presence of oil in the air and causing the valves to 
leak as described above. _ Cutting off the oil used for cylinder 
lubrication helped both the above troubles. But the greatest 
assistance to correct these faults was a water cup installed on 
the first-stage air suctién and set to feed a small quantity of 
fresh water into the compressor with the air. This water cup 
was simply a large oil cup arranged for drop feed, filled with 
fresh water instead of oil. A fairly rapid feed was set on it, 
about two to four drops per second, and this water was 
dropped through the top of the air-suction pipe and drawn 
into the compressor with the air. The action of this fresh 
water was found to be as follows: The water helped to lubri- 
cate the valves and cylinder walls and prevented the deposit 
of carbon. The high temperature almost immediately turned 
it into steam, absorbing some of the heat without rise of tem- 
perature in the form of latent heat, and thus keeping down the 
temperatures developed due to compression. In addition the 
steam kept the carbon from collecting and gumming up the 
valves, and the reduced temperatures resulting prevented the 
springs from losing their temper. This fresh-water cup was 
a fine thing, and I strongly advise other Diesel engine opera- 
tors to try it on their air compressors. 

Cooler leaks were probably caused by high temperatures and 
possibly some electrolytic action on the tubes. The installa- 
tion of the water cups kept down the temperatures and also 
kept carbon and oil from collecting in the coolers and restrict- 
ing the heat transference. To prevent electrolytic action the 
outside of the copper tubes was tinned and small zincs were 
placed in the cooler. These precautions eliminated almost all 
of our air-compressor troubles. In addition all clearances 
were kept down toa minimum, about 1-64 inch on both stages, . 
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V.—AUXILIARIES. 


Under this head is included the lubricating-oil pumps, the 
fuel-oil pumps comprising supply and measuring pumps, and 
the circulating-water pumps. The principal troubles experi- 
enced with auxiliaries were with those geared to the main 
shaft. These pumps were the reciprocating type and com- 
prised a fuel-feed pump, a lubricating-oil pump and a circu- 
lating-water pump, all driven by one large crosshead operated 
by a crank shaft geared to the main shaft. The first trouble 
experienced was with the fuel-oil supply pump, which leaked, 
in spite of efforts to keep it tight, a small amount of fuel oil 
into the crank case. After mixing with the lubricating oil 
this caused rapid deterioration of the lubricating oil for lubri- 
cating purposes, as well as scavenger and crank-case explosions 
from its low flash point and volatility. To obviate this trou- 
ble the fuel-pump was removed and a gravity fuel feed substi- 
tuted, the gravity fuel tank being supplied by a small rotary 
pump, motor driven, secured to the bulkhead. This removed 
all possibility of getting fuel oil into the lubricating oil and 
prevented recurrence of its evils. The lubricating oil and 
circulating-water pumps were the next to give trouble. They 
were high-speed reciprocating pumps, and it was almost im- 
possible to keep salt water from leaking from the circulating- 
water pump and finding its way to the crank case and, ulti- 
mately mixing with the lubricating oil, causing all the troubles 
enumerated under division II. In addition, mechanical diffi- 
culties with these reciprocating pumps caused by momentary 
high pressures when the pump became air bound or through 
defective valve action resulted in frequent stripping of gears 
and breaking of pump crank shafts. These breakdowns 
finally became so frequent that independent motor-driven 
rotary-type pumps were installed for both lubricating oil and 
circulating water. The reciprocating-pump connecting rods 
were disconnected and lashed clear, and the salt water con- 
nections were blank flanged to prevent any possibility of salt 
water leaks, and thesé pumps were not used but were kept 
available for connecting up in case of failure of the independ- 
ent pumps. In nearly two years of operating they were never 
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needed to be used, the independent pumps operating entirely 
satisfactorily. As a result of this, we became strong advo- 
cates of independent auxiliaries for submarine Diesel engines, 
more especially on account of the power of the main storage 
batteries being always available and the replenishment of the 
power being feasible while the main engines were running by 
floating the main motors on the batteries and pulling enough 
current to compensate for that used by the auxiliaries. 

The fuel-measuring pumps were of the plunger type, driven 
by an eccentric off the main shaft. The regulation was by 
means of the suction valves being held open for a part of the 
discharge stroke to control the quantity of fuel oil discharged 
to the fuel valves. This regulation was made by the operator 
through a hand wheel controlling the rocker arm operating the 
valves. These pumps gave very. little trouble except from 
wear, and it was necessary to renew the plungers and barrels 
about every six months to a year om this account. The plungers 
were required to fit the barrels very closely on account of loss 
of pressure through leakage past the plungers. Aside from 
this amount of wear these pumps gave no trouble, and the 
method of control was entirely satisfactory. 

It may be only just to conclude these remarks by a state- 
ment of the results obtained when paying attention to the 
details enumerated above. Two engines of the two-cycle type 
mentioned were operated for a period of nearly two years 
after the above methods were put into effect, and during this 
time no major casualty of any kind was experienced. By 
major casualty is meant one requiring the services of a Navy 
Yard or tender to repair. No minor casualty requiring more 
than a few. minutes stop to repair occurred, and no cracked 
piston heads and but one cracked cylinder were experienced 
during this time. In fact the reliability of these engines was 
considered excellent by the operating force, and the cruising 
radius was regarded as only limited by the fuel-oil storage 
capacity. If Diesel engines will fulfill this requirement no 
more can be expected of them. In conclusion, if these notes 
are of any assistance to other operators of submarine Diesel 
engines their purpose will have been fulfilled. 
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TEST OF SCHUTTE AND KOERTING 
EVAPORATOR. 


By M. C. STUART, ASSOCIATE. 


A recent test made at the U. S. Naval Engineering Ex- 
periment Station upon a Schutte and Koerting No. 10 
Navy Type Evaporator developed some interesting data re- 
garding evaporator performance which may be of value to 
those concerned with the design or operation of evaporators of 
this or similar types. 

The general design of the evaporator is shown in Fig. 1. 
The cast-iron shell is fitted with a door which serves as the 
steam manifold, and into which are expanded the U-shaped 
copper tubes, The divisions of the manifold are such that 
the steam makes four series passes. through the top five rows 
of tubes, and the condensate from the top five rows makes 
four passes through the bottom row of tubes. The door has 
provision for eight horizontal rows of tubes, but the upper 
two rows were omitted by the manufacturer and tests were 
made with six rows and with five rows of tubes installed. The 
baffling arrangement consists of the annular ring and the hood 
shown. 

The test had for its principal objects the determination of 
the following results : 

(a) The capacity which could be obtained when operating 
with atmospheric vapor pressure and a maximum chlorine 
content of 2 grains per gallon in the fresh water produced. 

(5) The effects of water level, steam presstire, vapor pres- 
sure and temperafure difference upon capacity and chlorine 
content. ' 

(c) The effectiveness of the baffles provided. 

(d@) The effect of reducing the amount of evaporating sur- 
face. 
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METHOD OF TEST. 


The test consisted of a number of runs of approximately 
six hours duration, during each of which the vapor pressure, 
salinity, and water level were maintained constant, and the 
steam pressure was varied, as will be explained later. The 
vapor rose through a 33-inch riser to a distiller condenser 
located 15 feet above the evaporator. Atmospheric pressure 
was carried on the distiller condenser, and the condensed vapor 
flowed by gravity to tanks where it was weighed and its chlo- 
rine content determined with the standard water-testing set. 
- The vapor pressure in the evaporator was measured with a 
mercury manometer and the vapor temperature was measured 
with a thermometer in a well in the top of the shell. The 
water level in the shell was observed by means of a gage glass, 
the upper end of which was connected into the top of the shell 
tather than in the connection provided, which is just above 
the top row of tubes. In the usual location of the gage glass, 
the level in the glass at times fluctuated considerably due to 
brine splashing through the top connection of the giass, but 
with the top of the glass connected higher in the shell this 
fluctuation was absent, and the water in the glass maintained 
a much steadier level, materially assisting in maintaining 
steady running conditions. 

The steam pressure was controlled by hand, and the tem- 
perature pressure and quality of the steam were measured at 
the inlet to the evaporator. The condensate from the 
coils was allowed to fall into a drain pot, equipped with a 
glass, in which a water level was maintained at all times. 
Air was relieved from the steam space by means. of pet cocks 
in the manifold and drain pot. The relief of accumulated air 
was found, as usual, to be a necessity for good operation. The 
condensed steam was cooled and weighed. 

The following procedure was carried out in making each 
run. In the morning the evaporator was partly filled with 
brine of about ,%;ds salinity, saved from a previous day’s run- 
ning. Steam was turned on slowly and the evaporator warmed 
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up with a low steam pressure. The water was brought to a 
desired level in the glass and maintained at that level through- 
out the day. Severn River water which has a salinity of 
about $ of 44;d was used as feed. The salinity in the shell 
was maintained constant at ,4,ds throughout the day by the use 
of continuous or semi-continuous blow-down. No difficulty was 
experienced in keeping the salinity constant by permitting just 
enough blow to allow the salinometer to keep floating in the 
salinometer pot at ,3,ds. The vapor valve was left open wide and, 
as atmospheric pressure was carried in the distiller condenser, 
the vapor pressure in the evaporator was atmospheric or only 
slightly more than atmospheric. The steam pressure ‘was in- — 
creased very slowly in regular increments of from 2 to 5 pounds 
per ten minutes. All readings, including steam and vapor pres- 
sures and temperatures, condensed steam and vapor weights, 
and chlorine content, were taken at intervals of ten minutes 
throughout the day. ‘The steam pressure was increased until 
the vapor contained about 2 grains of chlorine per gallon. 
The steam pressure was then held constant, and a run made 
for a period of one hour or longer with all conditions constant. 
The steam pressure was then further increased slowly until 
the chlorine content reached 5 or 6 grains per gallon, when 
the steam pressure was again held constant for an extended 
period. In some cases the pressure was still further increased 
and in other cases the pressure was reduced and a check run 
made under the conditions which produced 2 grains of chlo- 
rine per gallon. 

At the close of each day’s run the brine was blown out into 
a tank in order that it should be available for the start of next 
day’s run. With steam pressure on the tubes, cold water was 
rapidly pumped into the shell. This resulted in removing a 
large part of the scale and sludge from the tubes. This water 
was blown out and the evaporator again filled with Severn 
River water which was allowed to remain in the shell over 
night. 
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DESCRIPTION. OF RUNS. 


The first series of runs was made with six rows of tubes 
installed, atmospheric vapor pressure on the shell, and water 
levels of from 4 to 14 inches above the bottom of the bottom 
row of tubes. The 14-inch level corresponds to the top of the 
top row of tubes, but it cannot be said that a water level in 
the glass at a given level represents an equal submergence of 
the evaporating surface. In fact, it is generally recognized 
that the level in the shell of any evaporator is higher than 
the level as indicated by the gage glass, the difference between 
the actual level in the shell and the observed level in the glass 
depending upon the violence of ebullition and possibly other 
factors, such as salinity and vapor pressure. Nevertheless, 
the water level as observed in the glass may be used as one of 
the most important guides to correct operation, and the prin- 
cipal object of the first group of runs was to determine the best 
level at which to operate, considering the features of maximum 
capacity, chlorine content and steadiness of operation. 

The results of each day’s run were first plotted in the form 
of a log, of which Fig. 2, for run No. 12, is an example. The 
log shows the increase in steam pressure, temperature differ- 
ence, capacity and chlorine content throughout:the day... The 
extended periods of one hour or more during which the steam 
pressures are held constant are designated as runs No. 12a and 
125, and these portions were used in computing the results 
tabulated in the table of results given in the insert, Plate I. 
The log of Fig. 2 shows that certain relations exist between 
temperature difference, capacity and chlorine content. The 
telation between temperature difference and capacity need not 
be shown graphically, for it may be given by a statement of 
the value of the heat transfer coefficient. 

From the standpoint of operation, a most important rela- 
tion is that between capacity and chlorine content. The op- 
erator is vitally interested in knowing the capacity which 
may be produced without exceeding the limiting value of the 
chlorine content. Representative curves showing the relation 
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between capacity and chlorine content for several of the runs 
are given in Fig. 3. The small circles represent observations 
for ten-minute periods, and the larger double circles represent 
the average values for the extended runs with constant steam 
pressure, the results of which are recorded in the table of re- 
sults. These curves will be referred to as capacity-chlorine 
characteristics of the evaporator, because they show the char- 
acteristic relation between these two items for any method or 
condition of operation. At low capacities the chlorine con- 
tent is constant at about 0.4 or 0.5 grain per gallon, but as 
the capacity increases the chlorine content increases as shown 
by the curve. The maximum capacity of the evaporator may 
be determined by the point on the characteristic which has the 
desired limiting chlorine content, which, according to naval 
requirements, is 2 grains per gallon. 

In, order to make comparisons of various operating condi- 
tions, the capacity-chlorine characteristics for all runs have 
been drawn in Fig. 4. From the lower group of curves, which 
are for six rows of tubes installed, it is seen that the effect of 
variable water level is to produce increasing maximum. capaci- 
ties with reduced water levels. This. is: due.to the fact that 
at lower water levels, higher steam pressures may be carried 
without priming. In selecting a water level for operation, 
however, it is well not to carry too low a level in the attempt 
to secure maximum capacity, because the low level results in 
baking the scale on the exposed upper tubes, while if the 
tubes were covered with water, the deposit on the tubes would 
remain in a soft condition which could be easily removed. A 
level of 8 inches above the bottom of the bottom tube appears 
to be a good operating level, because at this level the tubes 
are probably covered with water, and a further reduction in 
level produces very. little increase in capacity. At 8 inches 
level a maximum capacity of 1,825 pounds of vapor per hour 
is produced. This is equivalent to 21.9 short tons or 5,252 
gallons per day. This capacity, with a limiting chlorine con- 
tent of 2 grains per gallon, could be obtained ‘only by careful 
operation. In order to establish a safe operating capacity a 
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capacity may be selected which will permit a certain over 
load to be obtained. A rated capacity of 1,300 pounds per 
hour or 3,740 gallons per day would allow a 40 per cent. over 
load to be obtained if necessary. The chlorine content of the 
vapor would be 0.4 to 0.6 grain per gallon. The operation 
would be steady and safe, and would allow a considerable in- 
crease in water level or steam pressure without danger of 
priming. 

EFFECT OF AMOUNT OF SURFACE. 


In order to determine the effect of the amount of evaporating 
surface the tubes of the top row were cut out and the holes 
plugged, and runs made under the same conditions as those 
with six rows of tubes. ‘The capacity-chlorine characteristics 
for these runs, Nos. 11, 12, 13 and 14, given in the upper part 
Fig. 4, are seen to be almost identical with the characteristics 
for 6 rows of tubes. With 8 inches water level the maximum 
capacity with five rows’ of tubes is 1,830 pounds per hour, 
practically the same as was obtained with six rows of tubes. 
This appears to prove conclusively what has oftén been stated, 
namely, that the maximum capacity which may be produced 
by an evaporator without excessive chlorine in the vapor is 
independent of the amount of surface installed, within certain 
limits, but depends upon such factors as disengaging surface, 
method of baffling and vapor pressure. However, high tem- 
perature differences and higher steam pressures are required 
to produce a given capacity with the smaller amount of sur- 
face. Thus, for a value of heat transfer coefficient, # = goo, 
the maximum capacity of 1,825 pounds per hour will require 
a steam pressure of 48 pounds gage for six rows of tubes, and 
a pressure of 66 pounds gage for five rows of tubes. This 
assumes the same heat transfer factor with each amount of 
surface. ‘This was practically the case, as may be seen from 
the table of results. / 


EFFECT OF HIGH VAPOR PRESSURE. 


All of the runs referred to previously were made with at- 
mospheric vapor pressure. In order to determine theeffect 
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of a higher vapor pressure run No. 15 wasmade at. 15 pounds 
gage vapor pressure. The capacity-chlorine characteristic 
shown dotted on Fig. 4 shows a much higher maximum 
capacity than was obtained with atmospheric vapor pressure. 
This is doubtlessly due to the higher vapor density and con- 
sequent lower vapor velocity. 

However, the higher vapor pressure is not recommended 
for single-effect operation, on account of the greater ease of 
operation with atmospheric pressure on both distiller and 
evaporator and the probability of more difficulty with scale 
and corrosion at the higher pressures. 


EFFECTIVENESS OF BAFFLES. 


In order to determine the effectiveness of the baffles the 
baffles were removed, and runs made at three water levels, 
with five rows of tubes installed. The capacity-chlorine 
characteristics of these runs, Nos. 16, 17 and 18, plotted on 
Fig. 4, show an enormous decrease in capacity obtainable 
without priming, when compared with the corresponding runs, 
Nos. 12, 13 and 14 at the same water levels and with the 
baffles installed. The difference in the shape of the charac- 
teristics with and without baffles is also interesting. At 8 
inches water level the maximum capacity obtained with two 
grains of chlorine per gallon is 1,000 pounds per hour, com- 
pared to 1,830 pounds per hour with the baffles. This increase 
in capacity of 83 per cent. establishes the certain effective- 
ness of the baffles. 


HEAT TRANSFER COEFFICIENT. 


As has been intimated, the heat transfer coefficient shows 
the relation between capacity, surface and temperature differ- 
ence. The average value of K for six zows of tubes installed 
was 983 and for five rows of tubes was 973. The value of K 
being practically constant, the product of surface and temper- 
ature difference is constant, and the smaller amount of surface 
requires a higher steam pressure for the same capacity. How- 
ever, it may be desirable to install the larger amount of sur- 
49 
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face and operate at a lower pressure, on account of the reduced 
liability to forming scale at lower temperatures. ‘There is no 
apparent relation between water level and the value of K, ex- 
cept for extreme low levels, as in the case of Run No. 10, 4- 
inch level, where K was 822. ‘This low value of K indicates 
that part of the tube surface was not covered with water. 


OPERATION. 


From the results of the test the following may be said re- 
garding operation of the evaporator. For best results the 
water level should be carried at from 8 to 10 inches above the 
bottom of the bottom row of tubes. As in all evaporator op- 
eration, the steam pressure should be slowly increased to the 
desired value. With.six rows of tubes installed and atmos- 
pheric vapor pressure, a steam pressure of from 25 to 30 
pounds will give the rated capacity of about 1,300 pounds per 
hour with a chlorine content of less than one grain per gallon. 
Air should be vented from the steam manifold and drain pot. 

Continuous blow-down should be used, and the salinity of 
the blow-down kept as near ,3,ds as possible. No difficulty 
was experienced during the test in operating with continuous 
blow-down. It is sometimes stated that the heat losses with 
continuous blow are greater than with intermittent blow, but 
it has been proven that theoretically the blow-down losses 
with continuous blow at ,3,ds salinity equal the losses with 
intermittent blow-down and a maximum salinity of ,3,ds.* 
The fact that the total heat losses during this test were only 
3 or 4 per cent. of the heat supplied also demonstrates that 
there are no excessive losses in continuous blow-down if the 
salinity is maintained at .3,ds. 

Before leaving the subject of blow-down it may be stated 
that the only practical way of obtaining large capacities with 
a relatively small shell in any evaporator is by the use of con- 
tinuous blow-down. The blow-down period for zd feed and 
yds maximum salinity is obtained from the formula 


*wm, L. DeBaufre, Salt Water Evaporators, A. S. N. E. JOURNAL, November, 1915. 
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Vv, WP Vv 2V 
gat ga 7 gah Pw 
in which 
V = Volume of shell to the operating water level, expressed 
in pounds of water ; 
P = Blow-down period, hours ; 


W = Capacity of evaporator, pounds of vapor per hour. 


In order to obtain the rated capacity of 1,300 pounds per 
hour with the evaporator tested, using intermittent blow- 
down and a maximum salinity of ,3,ds, the blow-down would 
have to occur at 30-minute intervals. The practical impos- 
sibility of operating with this blow-down period is evident. 

The proper water level and steam pressure at which to op- 
erate any evaporator to obtain maximum capacity may be de- 
termined by making runs at constant water levels and slowly 
increasing steam pressure and at the same time measuring the 
chlorine content of the distillate according to the methods. 
used in this test. Particular attention is called to the neces-. 
sity of providing means for venting the air from the steam 
manifold and drain pot, and allowing a small amount of steam 
to blow from these vents continuously to insure the removal 
of air. 


APPENDIX I. 


Giving the source of items in table of results wane are not explained in 
table. 
Item. 
7. Heating surface outside of tubes, square feet. 
From: Area of one row of tubes multiplied by number of rows of tubes 
(Item 6). 
Where area of one row of tubes 14 inches O. D. and total length 15.09 
feet equals 4.444 square feet. 
19. Vapor temperature corresponding to pressure, degrees F. 
From steam tables corresponding to absolute — pressure. (Item 
17 + (item II X 0.49117) ). 
20. Vapor per hour, pounds. 
From: Total vapor per run divided by duration of run in minutes 
(item 5) multiplied by 60. 
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2I. 


23. 


27. 


30. 


31. 


37- 


38. 


NoTE.—All thermometer readings were corrected for calibration error and 
exposed steam. All gage readings were corrected for calibration error and 
water in syphon. 


























TEST OF SCHUTTE AND KOERTING EVAPORATOR. 


Vapor per day, gallons. 

Vapor per hour (item 20) divided by 8.34 multiplied by 24, where 8.34 
= pounds of water per gallon. 

Heat given to vapor, B.t.u. per pound. 

Total heat in one pound vapor (from steam tables corresponding to ab- 
solute vapor pressure) minus the heat in the feed (heat of the liquid 
corresponding to feed temperature, item 12). 

Steam temperature at inlet corresponding to pressure, degrees F. From 
steam tables corresponding to absolute steam pressure. Item 25 + 
(item 11 X 0.49117). 

Steam per hour, pounds. 

Total steam during run divided by duration of run in minutes (item 5) 
multiplied by 60 

Heat abstracted from the steam, B.t.u. per pound. 

Total heat of inlet steam (from pressure and superheat on Ellenwood 
steam-charts) minus heat in coil drain (heat of liquid at drain tem- 
perature, item 29). 

Pounds of vapor per hour per square foot of surface per degree temper- 
ature difference. 

Pounds of vapor per hour (item 20) divided by square feet of surface 
{item 7) X temperature difference (item 36). 

Heat transfer coefficient, B.t.u. per square foot of surface per howe per 
degree temperature difference (item 23 x item 37). 
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CAPTAIN EMIL THEISS, U. S. NAVY. 





The Service as a whole, and its engineering branch partic- 
ularly, suffered a real loss in the untimely death on Septem- 
ber 24, 1917, of Captain Emil Theiss. For himself and his 
friends there was a special touch of sadness in that his physi- 
cal condition had prevented his promotion to the grade of 
Rear Admiral, for which he had been recommended by the 
Board of Selection. 

Captain Theiss was born in Hattingen, Germany, October 2, 
1860, but accompanied his parents to this country at an early - 
age. He was admitted to the Naval Academy as a Cadet 
Engineer, by competitive examination, October 1, 1878, and 
began to show at once the ability for which he was distin- 
guished throughout his entire naval career. He graduated 
in 1882 at the head of his class with one of the highest av- 
erages which had been attained up to that time. — His first 
duty was on the U. S. S. Zennessee, from 1882 to 1884. He 
was promoted to Assistant Engineer while on this duty. 

He graduated just in time to take part in the first amal- 
gamation of the Line and the Engineer Corps, which occurred 
in 1882, so that for several years he performed the combined 
duties very much as is the case today. It was subsequently 
decided by the courts that the cadet engineers who had left 
Annapolis prior to the Act of August 5, 1882, were not sub- 
ject to that Act, and this restored Captain Theiss to the Engi- 
neer Corps, which was the natural field for his talents. The 
rest of his career in the Navy was as an engineer, and he was 
recognized throughout the Service as one of the ablest men 
in the Corps. 

His abilities as a designing engineer became evident at an 
early period, with the result that he was on duty more than 
once in the Bureau of Steam Engineering as one of the prin- 
cipal assistants to such able designers as Towne, Canaga and 
Bailey. It is not going too far to say that the success of the 
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machinery of our naval vessels owes much to his skill and 
care in looking after the details of the design. 

He carried out successfully his tours of duty at sea, serving 
on the Zennessee, Ranger, Monterey, Albatross, Kearsarge, 
Alabama, Galveston and Jowa, and when his rank precluded 
further sea duty he gave much attention to inspection work. 
His last active duty, in fact, was as the Engineer Member of 
the Naval Inspection Board, where his extended experience, 
tipe judgment and great ability enabled him to render most 
valuable service. He was selected to go abroad and study 
foreign methods of engineering administration. 

His record was so fine that, when the Board of Admirals 
‘ appointed to select officers for promotion made their report, 
he was recommended for one of the permanent appointments 
as Rear Admiral. He had been so active in the performance 
of duty that his friends did not suspect (nor probably did he) 
that he could not pass the physical examination for promo- 
tion. This proved, however, to be the fact, and he was granted 
sick leave with the idea that he might recuperate. It was 
decided finally that an operation was desirable, but the results 
were unsuccessful and he died soon after the operation. 

Captain Theiss was a man of agreeable personality and 
counted a large circle of friends, both inside and outside the 
Service. The writer, as an associate for several years on duty 
in the Bureau of Steam Engineering and a friend from Naval 
Academy days, remembers well his spirit of helpfulness and 
good cheer, which made him always an agreeable colleague. 
He was frank and outspoken in his opinions, but modest, as 
able men usually are, so that he was ready to discuss questions 
that seemed debatable and to consider the views of others. 

The writer well remembers a little incident which occurred 
at the beginning of the war with Spain, when he and Theiss 
were on duty in the Bureau under that Grand Old Chief, Ad- 
miral Melville. Theiss came into the Admiral’s office, while 
the writer happened to be present, and said to him, “I would 
like to be detached, sir, and ordered to sea duty.”” ‘‘ What is 
is the matter,” said the Admiral, “are you not satisfied with 
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your duty and your treatment?” ‘Oh, yes, sir. I like the 
work very well, indeed, but my training has been to be a 
fighting man in time of war, and this seems to be the only 
chance that I’ll ever have to see any real fighting.” To this 
the Admiral’s answer was, “‘ My son, I appreciate your position, 
which is exactly what it ought to be. Every officer worth 
his salt ought to want to go to the front. However, some of 
us must stay here and do the work which is required ; I can’t 
get away and neither can you. I could easily fill the places 
of fifty men on board ship, but I would not know where to 
turn to fill your place here.” It is a pleasure to place this 
pleasant little episode on record to show that Theiss was at 
heart a “ Fighting Engineer.” 

It is particularly fitting that this sketch of Captain Theiss 
should appear in this JOURNAL, and the notice would be sadly 
incomplete without mention of the great part which he played 
in the success of the JOURNAL. He was one of the very active 
workers in the preparation of its pages from the very start, 
and he was the third Editor, the first being Admiral Griffin, 
and the second, the writer. Captain Theiss was unusually 
well equipped for this work from his natural ability, his ac- 
complishments as an engineer and his skill as a linguist. 
The numbers of the JOURNAL which he edited show better 
than any eulogy how well his work was done, but I do not 
believe that any of the other editors will feel envious when it is 
said that he was one of the best editors the JOURNAL ever had. 
He was one of the founders and a charter member of this 
Society. 

In reflecting upon Theiss’ career the writer’s thoughts are 
carried back to the days when he and the rest of us were all 
enthusiastic youngsters working for Melville, whom we all 
worshiped as a man and loved like a father. He had the 
genius to develop the greatest ability that each man possessed, 
and we all counted it a privilege to work for him without 
regard for hours, catrying out his maxim, ‘ we are all working 
to make our Navy the best in the world.” 

WALTER M. MCFARLAND. 
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THEISS OF THE MONTEREY. 


When the battle bugles play, 

And the battle-flags are flying, 
Mid mad music of the fray, 

Tis not hard for soldiers—dying. 


But when none is there to tell 
Who would crave to dare or die? 
Who would face the fires of hell— 
Asking not—nor caring—why? 


’ It was but the other day 
One there was who knew not fear, 
On the war-ship Monterey, 
Theiss, the gallant engineer. 


His the best and bravest daring ; 
When the war-ship’s boiler burst, 
Not for gain or glory caring, 
He was in the death-cloud first. 


With the bravest volunteer 
Who has gone his hero’s way, 
Rank him—Theiss, the engineer 
Of the warship Monterey. 


With his comrades of the crew, 
Strong of heart and firm of lip, 
While the death blast round them blew, 
There they stayed to save the ship. 


Of such stuff are heroes made; 
With a will they worked away, 

Life was duty, death their trade ; 
But they saved the Monterey. 


Nail our banner to the mast ; 
Of such spirits brave and bold, 
He was neither first nor last ;— 
We've the metal and the mold ! 


From ‘‘ An Inn for Journeying Thoughts ;"’ WILLIAM J. ROE. 
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METALLOGRAPHY. 





The following very interesting article was originally read 
before the IRON AND STEEL INSTITUTE and later published 
in the “ Ironmonger.” 


THE “GROWTH” OF CAST IRONS AFTER REPEATED 
HEATINGS. 


By Proressor H. F. Rucan, Member A. S. M. E.; Tunane University 
or Lourstana, U. S. A.; RESEARCH FELLOW IN METALLURGY, VICTORIA 
UNIvERSITY, MANCHESTER; AND Professor H. C. H. Carpenter, M. A., 
Pu. D., Proressor oF METALLURGY, VicTorIA University, MANCHESTER. 


INTRODUCTION. 


The fact that certain types of cast iron “grow” after repeated heat- 
ings has long been familiar to engineers. Cast-iron annealing ovens 
8 feet in length, 3 feet in diameter, and 134 inches in thickness, which 
are kept red hot for prolonged periods, sometimes “grow” to 9 feet in 
length in the course of use. Cast-iron furnace grates, ranges, fittings, 
&c., which are subject to alternate heating and cooling, are frequently 
distorted and sometimes broken from the same cause. The Baltimore 
fire. is of particular interest in this connection, because what had pre- 
viously been considered acceptable fire-proof construction was proved to 
be unsatisfactory owing to damage done to the masonry by the “ growth” 
of the cast-iron members. of the ironwork construction. Floor levels 
were destroyed, and walls which had in other respects withstood the 
action of the fire were found to be unsuited for further use owing to 
their having been forced out of the perpendicular from this cause, 

The same fire also furnished an illustration of the fact that under 
the same treatment mild steel does not grow. In spite of the entire in- 
flammable contents of a sixteen-story building being burned, the steel 
framework remained “plumb and intact.” Other instances of a similar 
kind have been recorded. 

Further, it is well known that wrought-iron contracts permanently 
after repeated heatings. Mr. Humphrey Wingfield has suggested that 
these might be related phenomena, and that it would be interesting to 
discover an alloy intermediate between cast iron on the one hand, and 
mild steel and wrought iron on the other, which neither expanded nor 
contracted after repeated heatings. This problem, which was first studied 
by Mr. A, E. Outerbridge, Jr., of Philadelphia, has been taken up by the 
authors, and the results of their investigations are recorded in the fol- 
lowing paper. ° 


ExpERIMENTS To DETERMINE THE ConpITIONS UNpER WuicH THE Maxi- 
muM GrowtH oF Cast Iron TAKES PLACE. 


A grey cast iron was selected for this purpose. Bars of known length 
‘were heated in an electrically-warmed tube furnace at certain tempera- 
tures and for certain periods, the temperature being measured by a plati- 
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num platinum-iridium thermo-junction and direct-reading portable pyrom- 
eter. Three bars were heated at a given temperature. One was removed 
after one hour, another after two hours, and the third after three or, in 
some cases, seventeen hours. When cold they were remeasured. The 
following table summarizes the results obtained :— 



































TABLE I. 
Bar No. I. Bar No. 2. Bar No. 3. 
Heat —— 
NO. | desrecs Growth 
greesC.| _.. Growth : Growth ; 3 
Time. |in inches. Time. in inches,| Time. adhe 
I 600 t hour. nil. 2 hours. nil. 3 hours.| nil. 
2 650 I hour, nil, 2 hours. | 0.0020 3 hours. | 0.0050 
3 675 1 hour.| 0.0156 | 2 hours.| 0.0250 3 hours, | 0.0300 
4 700 1 hour.| 0.0234 | 2 hours.| 0.0342 3 hours. | 0.0312 
5 730 1 hour.| 0.0312 | 2 hours.| 0.0346 3 hours. | 0.0352 
6 760 { hour.| 0.0313 | 2 hours.| 0.0350 | 17 hours. | 0.0352 
7 800 t hour. | 0.0313 | 2 hours.| 0.0350 | 17 hours. | 0.0352 
8 860 1 hour.| 0.0313 | 2 hours.| 0.0350 | 17 hours, | 0.0352 
9 | 900 I hour.| 0.0315 | 2 hours.|} 0.0352 | 17 hours. | 0.0355 
‘ 





Under the conditions of the experiments no growth was observed at 
600 degrees C. (though, if the heating be sufficiently prolonged, growth 
takes place at much lower temperature; e. g., cast-iron valves subjected 
to superheated steam at 366 degrees C. increase in size permanently. The 
length of time required for this, however, is such as to suggest that the 
phenomena are different). A slight expansion was evident after two 
hours’ heating at 650 degrees C., which was notably increased after an- 
other hour’s heating at that temperature. At 675 degrees C. the rate of 
growth, for a given period, increased about eight times . At 700 degrees 
and 730 degrees there were also substantial increases; but maximum growth 
was virtually reached in three hours at the latter temperature. The same 
expansion was obtained at 730 degrees as at 860 degrees C. The figures 
also show that three hours is a sufficient period of heating, no further 
growth being observed after seventeen hours. A very slight, but only 
just perceptible, increase in growth was caused at 900 degrees C. As this 
temperature is doubtless reached, and perhaps to some extent exceeded, 
in some of the practical uses of cast-iron annealing ovens, the authors 
selected it for their later experiments, and in order to ensure maximum 
growth for a given heat the period of heating chosen was four hours. 


METHODS OF MEASUREMENT. 


The first measurements were made with commercial cast-iron bars, on 
which two points at a known distance from one another had been marked, 
the disatnce between the points being measured as the heats progressed. 
This method, however, was soon found to be unsatisfactory. After a 
number of heats at 900 degrees C. a scale formed on the bars which ren- 
dered the marks indistinct and consequently the measurements uncertain. 

It was decided to machine the bars accurately to a given length and 
diameter and to measure their expansion by micrometer calipers, each 
recording differences of 0.0001 of an inch. The retort in which the 
test bars were heated was of grey cast iron, and itself furnishes an illus- 
tration of the distortion of this material after repeated heatings, this 
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particular retort having been heated upwards of fifty times to about 900 
degrees C. Originally the bottom of the retort was flat. It was screwed 
on to a wrought-iron plate with a layer of asbestos in between to assist 
in the distribution of the heat inside the retort. In the center was a 
cast-iron tube for the insertion of the thermo-junction used for tempera- 
ture measurements. 

The lid was luted into the retort with clay to diminish air access. The 
packed retort was placed in a clay muffle, heated by gas externally in a 
large Fletcher furnace, the specimens being thus completely protected 
from the direct action of the flame. The results, nevertheless, indicate 
that the products of combustion of the flame do enter the retorts and 
cause a scale to form on the specimens. It is, however, after a consider- 
peed number of heatings that the accuracy of measurements is interfered 
with. 

As a rule one heat per day was carried through. After the tempera- 
ture in the retort had reached 850 degrees to 900 degrees C. it was main- 
tained there for four hours. The bars always cooled at approximately 
the same rate, and they were not measured till next day, the greatest care 
being taken that they were then at the normal laboratory temperature. 


SERIES OF EXPERIMENTS WITH COMMERCIAL CAST IRONS. 


Three irons were selected. 

The first was a mixture used by a firm for the manufacture of an- 
nealing ovens. The second was a mixture as far removed from the first 
in composition as they used. Bars of these were cast in flasks of green 
sand and dry sand, respectively. Before pouring, the dry-sand flasks were 
heated by bars of red-hot. iron. One flask of each kind was poured from 
the same ladle, the only difference being that the bars cooled at a different 
rate. These bars are designated PH (hot), PC (cold), FH, and FC. 
The third sample (NIP) was a bar cut from a new annealing oven ob- 
tained from another source. 

These five samples were heated ninety-nine times for four hours at 
about 850 degrees to 950 degrees C., the following summary showing the 
main features of the growths observed. 
































TABLE II. 
Percentage. Percentage increase of volume. | 
Eercempee 
increase oO} 
Alloy. After | After | After | After | weight after 
Carbon. | Silicon. 10 21 52 99 99 heats. 
heats. | heats. | heats. | heats. 
PC 3.48 1.13 19.90 | 27.80 | 32.40 | 37.50 8.60 
PH 3.48 1.13 19.80 | 27.46 | 31.50 | 36.60* 8.50 
FC 3.41 0.95 8.71 18.25 | 26.55 | 35.21 7.86 
FH 3.41 0.95~ | 13.05 | 22.45 | 28.10 | 35.70 | 7.82 
NIP 314 0.96 19.30 | 23.15 | 27.70 | 36.80 7.90 





* Percentage growth after ninety-four heats. 


So far as carbon and silicon are concerned, the compositions of the 
three alloys were not greatly different. Alloys PC, PH, and NIP grew 
rapidly and reached 50 per cent. of their ultimate growth after ten heats. 
After twenty-one heats their rate of growth became very slow. Alloys 
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FC and FH grew more slowly at the outset, but ultimately nearly caught 
up the others. The rate of growth of PC and PH was very similar 
throughout, whereas FH, a more “open” iron than FC, grew more rapidly 
at the outset. In both series, however, the ultimate growth was nearly 
the same, irrespective of the initial rate of cooling of the alloy, varying 
from 35.21 to 37.50 per cent. 

Although the ends of the bars grew rather more rapidly than the sides, 
and numerous small cracks formed on the surface as the heats progressed, 
their ultimate shape was cylindrical. 

An increase in the weight of the bars also took place, the rate being 
more uniform than in the case of the volume increase. The percentage 
increase after ninety-nine heats varied from 7.82 to 8.60. 

The results of this series of experiments are in general similar to those 
obtained by Mr. Outerbridge, with one important difference, viz: that 
instead of the weight of the enlarged bar being precisely the same as be- 
fore treatment, the. authors found a progressive increase in weight as 
growth proceeded. . 

Long before these experiments were concluded it had become clear 
that the first step to be taken in the elucidation of the cause or causes at 
work during the growth of cast iron by repeated heatings was to corre- 
late “growth” with the composition of the material. It was, of course, 
necessary to begin with simpler materials than the complicated cast irons ~ 
of commerce, and the first series of alloys was designed so as to contain, 
as nearly as industrial processes permit, only iron and carbon. 


TRON-CARBON SERIES. 
The compositions of the iron-carbon series are given in Table II. 

















TABLE II. 
| Percentage. 
Alloy. | 

| Carbon. Silicon. |Manganese.| Sulphur. | Phosphorus. 
my ee 0.243 0.15 0.018 0.010 
B | 3.70 0.233 0.16 0.018 0.011 
Cc 3.08 0.172 0.13 0,019 0.010 
D | 2.59 0.146 0.12 0.016 0.012 
E | I. 0.215 0.20 0.013 0.015 
F 1.58 0.168 0.17 0.015 0.014 
G | 0.99 0.233 0.19 0.015 0.012 
H | 0.55 0.182 0.20 0.013 0.014 
I | 0.15 0.186 0.15 0.040 0.017 














The carbon descends broadly in half per cents. from 4 to the lowest 
carbon alloy that could be cast (0.15). The remaining constituents are 
present in sufficiently constant and, in the case of sulphur and phos- 
phorus, small amounts. The rather higher figure for sulphur in alloy I 
was caused by the greater time needed for melting. This series proved 
quite satisfactory for the purpose for which it was intended. 

Each alloy was cast both in sand and chill molds, the diameter of the 
bars being 1 inch. About 25 pounds of each were available. In no case 
was any graphite present; the alloys were exclusively white irons. 

Machined bars of these alloys were subjected to ds many as ninety 
heats in some cases. ‘The chill castings were too hard for turning. 
Approximately a 6-inch length was ground in the lathe, the bar being 
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held in a chuck while an emery-wheel was fed across the end surface. 
This gave a suitable form for lengthe measurements. Near the center of 
this bar a space of about 1 inch was ground to a true surface and served 
for diametric measurements. The remainder of the surface was left 
as cast. 

These samples retained their shape throughout the heat treatment. In 
the case of alloy A the thickness of the scale after ninety heats was about 
0.0015 inch, and tended to increase as the carbon of the series diminished. 

The sand castings were less hard. They were turned to about 0.75 
inch diameter in the form of 6-inch lengths. Alloys E, F, G, and H con- 
tained a number of blowholes. 

The maximum temperature of the various heats was 960 degrees C., 
the minimum 860 degrees C. 

Complete details of the volume and weight measurements made from 
time to time were kept, a summary of the ultimate changes of volume 
and weight after the last heat being shown in Tables III and IV. A plus 
quantity indicates an increase, and a minus quantity a decrease of volume 
or weight. 

TABLE III.—CHILL Cast ALLOYs. 











Percentage change| Percentage change 
alloy. Number of heats. of volume. . of weight. 7 
A go +6.880 —I,2I 
B go +0.238 —1.28 
Cc 87 —o.840 —1.29 
D 87 —o,.822 —0.97 
E 87 +1.140* —0.75 
F 48 +-0.290* —0.43 
G 48 +1.350* —0.12 
H 48 +0.113* —0.02 
I 48 +0.800* +0.03 











* These figures are high, on account of the scale which formed to a greater extent on the 
lower carbon membcrs of the series. The same holds for the sand castings. 


TABLE IV.—SAND Cast ALLOoys. 








Percentage change} Percentage change 
Alloy. Number of heats. of uaeaen. 8 of ae. s 
B 78 —-0.350 —1.72 
Cc 78 —1.675 —I.19 
D 78 —0.915 —1.19 _ 
E 78 —0.026 —1.47 
F 39 —0.405 —0.64 
G 39 —0.470 —0.52 
H 34 —0.507 —0.17 
I 39 —0o.060 + 0.02 














The sand-cast alloys, which did not include A, not only did not grow 
under this treatment, but for the most part showed a progressive shrink- 
age. In the case of D, E and I, there was a momentary expansion as a 
result of the first or second heats, but it was followed by a contraction. 
In some cases the shrinkage reached a maximum value and then dimin- 
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ished. In others (e. g. C) it progressed almost uninterruptedly through 
seventy-eight heats. In.all cases the final result was a permanent shrink- 
age, which, in six out of the eight alloys, did not reach more than half 
1 per cent. 

A progressive diminution in weight took place throughout, except in 
the case of alloy I, where it was succeeded by an increase after the 
twenty-ninth heat. 

Alloys B to I of the chill-cast series behaved similarly to those of the 
sand-cast series, even although there was a permanent shrinkage in only 
two out of the eight alloys. Alloys B to E all.showed a shrinkage at 
the sixty-seventh heat. The apparent slight permanent expansions re- 
corded from E to I in the summary are probably caused by the scale, 
which naturally forms more plentifully. on the lower-carbon members, 
and tends to loosen itself from the bar, thus giving too high a reading. 

The only alloy which showed a permanent growth of any magnitude 
was A, and even this showed a shrinkage after thirty-four heats. A per- 
manent expansion was recorded at the thirty-eighth heat, and in the next 
fifty-two heats the bar grew slowly but steadily until, at the ninetieth heat, 
a growth of 6.88 per cent. was obtained, the explanation of this behavior 
being found at a later stage. 

Broadly speaking, pure iron-carbon alloys, whether chill or sand cast, 
do not expand permanently after repeated heatings, but, on the contrary, 
shrink. The amount of shrinkage is so small that, from a practical stand- 

‘ point, it is almost if not quite negligible. The results obtained at this 
stage gave the authors the solution of their practical problem, viz: an 
alloy whose volume shows no tendency to change appreciably after numer- 
ous heatings to about 900 degrees C. Such an alloy would be a white 
iron with about 3 per cent. of carbon and only small quantities of other 
constituents, silicon being most important. This alloy would shrink 
slightly on repeated heatings, but probably not more than about 1 per cent. 
after one hundred heats. This type of shrinkage is usually ascribed to the 
gradual removal of contraction stresses set up in the originally cast metal. 
The loss of weight observed, which tends to diminish with decreasing 
carbon content, is caused by the gradual oxidation of carbon by the fur- 
nace gases which penetrate into the muffle and into the bars themselves. 
The real is no doubt greater than the apparent loss, because there is 
probably a simultaneous absorption of oxygen, which is evidently the 
explanation of the increase in weight of alloy I. 

When it was found that alloys A to I, whether cast in chill or sand 
molds, were white irons, four more alloys were made in which the car- 
bon ranged from 4.6 to 3.0 per cent., and the silicon varied between 0.5 
and 0.79 per cent. They also contained a considerable amount of man- 
ganese. They were cast in sand, the base of this series being a grey iron. 
The following is the complete analysis made: 


H1GH-CARBON MEDIUM SILICON SERIES. 














Percentage. 
Carbon. Silicon. Manganese, | Sulphur. | Phosphorus. 
J 4.60 0.79 | 1.26 0.018 0.016 
K 3.90 oO. 1.09 0.019 0.021 
L 3.60 0.65 1.02 0.018 0.017 
M 3.02 0.50 0.86 0.018 0.017 
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The fracture of J showed a grey iron, except for a mottled area near 
the center. K and L were almost entirely white irons, and contained 
only small amounts of graphite. M was a white iron. Test bars were 
ground to size in the same way as those of the A to I chill series. They 
were heated sixty-eight times. These alloys grew steadily from the outset. 
Ultimate growth was reached in from fifty to sixty heats; it was great- 
est in J and least in L. The following table enables a comparison to be 
made: 


TABLE V. 





Percentage growth after 





Percentage | Percentage 














Alloy. ultimate | change of 
10 heats. | 19 heats. | 29 heats. | growth. weight. 
| 
| | | 
J 3.48 8.02 | 11.26 | 12.65 + 0.21 
K 2.35 6.10 7.80 | 10.35 — 0.74 
L 2.24 5.15 | 6.68 | 8.70 — 1.05 
| 





After reaching a maximum growth the bars showed a tendency to 
contract slightly. The bar with the least silicon shows the least growth, 
and that with the highest silicon the greatest growth. Alloy M behaved 
differently from the above trio, and in a manner which recalled that of 
A under similar conditions. It contracted during the first ten heats, but 
after the eleventh heat it showed a growth, and this increased until a 
maximum value, viz: 6.2 per cent., was obtained after fifty-eight heats. 
The test bar of M had been cut from a part near the gate end of the 
casting. In order to see whether the same behavior would be shown by 
a bar (MM) cut from another part of the casting, the top of one of the 
risers was selected, 7. e., a part as far distant as possible from the other. 
In this case the bar contracted up to the ninth heat. It was not meas- 
ured after the tenth heat, but after the eleventh heat it was found to be 
expanding. The rate, however, was slower than in the case of M, and 
it was only after the fourteenth heat that the bar showed a growth as 
compared with the original size. The rate of growth remained slower, 
and the maximum growth, obtained after forty-seven heats, was only 
2.54 per cent. 

Apart from the difference in the amount of the ultimate growth, the 
fact of a contraction up to the ninth or tenth heat, followed by an ex- 
pansion, was thus confirmed. 

To account for this behavior of alloys A and M, a hypothesis naturally 
suggested itself in view of the two main facts hitherto established by the 
research. These facts were: 

1. All the alloys examined which did not contain graphite or free car- 
bon, in some form, did not grow, but actually contracted to a greater or 
less. extent (alloys B to I). 

2. All the alloys examined which contained graphite grew (alloys PH, 
NIP, J, K and L). 

The natural hypothesis to account for the behavior of A and M was 
to assume that these alloys, originally white irons, contracted as long as 
they remained white, but that after a time they deposited free carbon, 
probably as temper carbon, and that this, either directly or indirectly, 
caused their growth. This hypothesis was tested by heating short pieces 
of bars A and M along with the main bars. Samples for chemical an- 
alysis were turned from these pieces, beginning with a heat at which 
contraction was still taking place, and following the heats through the 
point at which contraction ceased and expansion began. Each sample 
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was tested for temper carbon, and if a positive result was obtained, a 
quantitative estimation was made by the usual method. 

In the case of alloy M, no temper carbon was present up to and includ- 
ing the ninth heat. Beyond this it was readily detected, and it increased 
with the progression of the heats, as shown by the following figures: 











; Percentage 
No. of heat. Volume change. . temper carbon. 
I-9 Shrinkage....... A Ags eee P aL nil, 
10 Growth. ........c0000 ati ae 8 iis cas 0.049 
12 More growth.,...........sccssssscerevees 0.203 
19 Still more growth............ ss.00 0,689 








With alloy A no temper carbon was detected up to the eighteenth heat. 
It was found in minute amount after the nineteenth heat, and increased 
in the twenty-first and twenty-second heats, the absolute quantities, how- 
ever, being much smaller than in the case of M. A comparison with 
alloy A showed that up to the nineteenth heat this latter contracted, and 
that after this the contraction diminished, 1. e., a slight expansion set in, 
followed by a contraction between the twenty-fourth and twenty-sixth 
heats, and again succeeded by an expansion, which, however, only at- 
tained a positive value at the thirty-eighth heat. Obviously the rate of 
formation of temper carbon was much slower than in M, and, while it 
does not furnish so good a test, it bears out the results obtained with 
that alloy. . 

The change from shrinkage to growth under repeated heatings in the 
case of alloys A-and M was thus shown to coincide with the appearance 
of free carbon, probably temper carbon, which was in this way proved 
to be an indispensable factor in the growth of cast iron under these con- 
ditions. This fact is of fundamental importance. 

It being evident that the influence of silicon must be thoroughly in- - 
vestigated, the next series of alloys was designed so as to contain a con- 
stant quantity of carbon (about 4 per cent.), and ascending percentages 
of silicon from 1 to 6. Manganese, sulphur and phosphorus were to be 
kept as low as possible. The reason for this choice was that the earlier 
members of the series would contain some “combined” carbon, and that 
the later would contain all.their carbon in the “graphitic” condition; by 
repeated heating, the former would tend to deposit their combined as 
“temper” carbon, and if the “growth of cast iron” were due to an ex- 
pansion consequent on this chemical change, the earlier members should 
grow and the later ones should not. Such a series would also test 
whether growth was proportional to the percentage of silicon. 

The following calculation gives an idea of the volume change that may 
be expected to occur when cementite decomposes into ferrite and temper 
carbon. The uncertainty attaching to the calculation arises from the 
absence of accurate data on the specific gravity of “temper carbon.” 
Assuming that the specific gravity is the same as that of graphite, the 
volume change can be deduced as follows: 


Specific gravity of FesC at 16 degrees C. = 7.07. 
Specific gravity of Fe at 16 degrees C. = 7.86. 
Specific gravity of graphite at 17 degrees C. = 2.10. 
FesC —> 3Fe + C. 
Weight (grams) 180 —> 168 + 12. 
Volume (cubic centimeters) 25.16 —> 21.37 + 5.7I, 
i.€., 25.46 cubic centimeters become 27.08 cubic centimeters, 
Volume increase = 6.36 percent. . ‘ : riitos ue (A) 
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If, however, the specific gravity of temper carbon be less than that of 
graphite, and approximates more to the pulverulent form of carbon, viz: 
charcoal, a higher value is obtained. Taking 1.45, the lowest figure ob- 
tained for charcoal, the maximum value for the expansion consequent on 
this change is obtained thus: 

FesC — 3Fe + C. 
Weight (grams) 180 — 168 + 12. 
Volume (cubic centimeters) 25.46 — 21.37 + 8.28, 
2.é., 25.46 cubic centimeters, become 29.65. 
Volume increase = 16.46 per cent. . ; : . PO Bis (B) 


These calculations do not give more than the order. of magnitude of 
the volume increase, and they refer, of course, to 100 per cent. FesC, 
which not even a white iron contains. They are, however, important, 
because they may account for the growths of A and M observed. 

A contained originally 4.03 per cent. of combined carbon, which cor- 
responds to about 60.45 per cent. FesC. If a complete conversion of this 
to iron and temper carbon be assumed after ninety heats, then, 
According to calculation A there would be a growth of 3.84 per cent. 
According to calculation B there would be a growth of 9.95 per cent. 
The found value, 6.88 per cent., is exactly the mean of the two (6.89). 

Again, M contained 3.02 per cent. combined carbon, corresponding to 
45.3 per cent. FesC. Assuming a complete decomposition, then, 

According to calculation A there would be a growth of 2.88 per cent. 
According to calculation B there would be a growth of 7.45 per cent. 

The maximum growth found for M was 6.20, and for MM 2.54 per 
cent. These values differ somewhat widely, but that for M falls within, 
and that for MM well below, the two calculated. values. 

Accordingly it does not appear that the influence of this change on 
the growth of white irons, which become grey on heating, can be dis- 
regarded, though when more accurate data are available, the above cal- 
culations may need considerable revision, 


IRON-CARBON-SILICON SERIES. 


The analysis of the alloys designed to test more specifically the part 
played. by silicon is as follows: 
































TABLE VI. 
Percentage. 
ae 1 |combined| Graph M Ph 
Total |Combin raph- | a1; Man- Os- 
carbon. | carbon. ite. Silicon, ganese. Sulphyr, phorus. 
N 3.98 0.64 3.34 1.07 0.25 0.010 0.013 
oO 3.98 0.68 3.30 1.79 0.23 0.010 0.013 
P 3.79 0.30 3.49 2.96 0.25 0.010 0.012 
Q 3.76 nil. 3.76 4.20 0.27 0.010 0.012 
R 3.79 nil. 3.79 4.83 0.30 |; O.010 0.012 
SS) 3.38 nil. 3.38 6.14 0.30 0.010 |) 0.013 





The total carbon in the series is approximately constant; alloys’ N and 
O contain’ about the same amount of combined carbon; alloy P contains 
about’ half the quantity, and the remaining alloys contain none: at: all. 
The silicon in O and’ R is 0.2 percent. lower, in Q 0.2 per cent. higher 


50° 
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than was desired. The remaining constituents are ‘satisfactorily low 
and constant. 
This series has furnished the most information as to the cause or 


causes at work in the permanent expansion of cast irons after repeated 
heatings. 


FIRST SERIES OF EXPERIMENTS WITH ALLOYS N TO S. 


Test pieces, 6 inches by about 0.88 of an inch, taken haphazard, were 
machined from the castings. When the growth of these alloys was in- 
vestigated it quickly became evident that the position from which a test 
piece had been cut had a considerable influence on its rate of expansion, 
specimens: taken from the gate end of the casting growing more rapidly 
than those taken from the top of a riser. The behavior of the six speci- 
mens is shown in the following summary: 

Alloy N (test piece cut from a riser at some distance from the gate). 
—This was an iron with a fine, close grain. Under heat treatment it grew 
‘steadily, and’ reached its maximum growth in about sixteen heats. It 
did not crack, and retained its cylindrical form to the end. 

Alloy O (position from which the test piece was cut is uncertain). — 
This iron was very similar to N, except that the grain was coarser. 
Slight cracks developed over the entire surface after the twelfth heat, 
enlarging somewhat after the fourteenth heat, but thereafter remaining 
comparatively constant. Maximum growth was reached in about six- 
teen heats. 

Alloy P (test piece cut from the bottom of the gate). —This appeared 
to be a very “open” iron, but retained its cylindrical shape almost per- 
fectly throughout the heat treatment, and did not crack. It grew very 
rapidly at the outset—25.2 per cent. in five heats—after which the rate 
diminished considerably. Maximum growth was reached. in about six- 
teen heats. 

Alloy Q (test piece cut from a riser) —This was an open-grained iron. 
After the third heat it was noticed that the ends were larger than the 
central part of the sample; but at a later stage the center “caught up” 
this increased growth. This fact was noticed with other specimens. 
After the sixth heat the bar was bent; after the eighth it was badly bent. 
Cracks developed at the twelfth heat, and these continued to enlarge. 
After the fifteenth heat accurate measurements were impossible to carry 
out, but the heats were continued, because the bar increased in weight. 
After fifty-two heats an approximate determination of the growth was 
obtained by measuring the circumference of the bar and making an al- 
lowance for the cracks. The result showed that very little growth had 
taken place after the fifteenth heat. This bar grew much more slowly 


Alloy R' (test piece cut from a riser) —This alloy. was very similar in 
appearance to Q, and behaved very similarly under heat treatment. 
Cracks appeared at the twelfth heat, and accurate measurements had to 
be abandoned after the thirteenth heat. An approximate measurement 
was made after the fifty-second heat... 

Alloy S (test piece cut from the bottom of the gate) —After the first 
heat a circular crack developed at one end, the outer 1/8-inch circum- 
ference cracking away from the core. After the second heat enormous 
cracks developed, the largest being 5/64-inch wide. After the sixth heat 
this had increased to about 1/4 inch, and the sample broke in two pieces 
at the center while being handled. Thirty-two heats were carried through, 
and small’ particles constantly disengaged themselves from the cracked 
surfaces, thus rendering the measurements.-of weight! too low. An ap- 
proximate volume. determination (probably within 5. per cent. of the 
exact value) was made by the method: indicated under Q. 
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Complete measurements of the volume changes show the rate of growth, 
which» is rapid at first, but diminishes after about the seventh heat, and 
stops at the sixteenth heat. . 

N, O and P kept their cylindrical form in spite of a growth of 32.85 
per cent. in the last case, and that Q, R, and S increasingly distorted 
under the heat treatment given. The following table summarizes the 
results : 








Alloy. Percentage silicon. ee oe 
N 1.07 ; 15.40 
O 1.79 23.46 
P 2.96 32.85 
Q 4.20 . 43-9 
= 4.83 59-5 
‘6 6.14 63.0 











These tests. show that silicon is:a most important constituent of cast 
iron from the standpoint of growth under repeated heatings, that growth 
being proportional to the percentage of silicon, although the value for R 
seems relatively higher than the others. The growths are far in excess 
of those that could be caused by the conversion of combined into free 
carbon. Alloy N contained originally 0.64 per cent. combined carbon, 
corresponding to 9.6 per cent. FesC. The complete decomposition of this 
in accordance with 


A would cause growth of 0.61 per cent., 
B would cause growth of 1.58 per cent., 


both inadequate to account for the 15.4 per cent. growth found. The 
same obviously holds even more strongly for alloys O and P. 

The fact that the two alloys P and S, which had been cut from the 
gate, grew more rapidly than the remaining four, which had not, pointed 
to the agency of the gas contained in the original casting, and perhaps 
also the gases in contact with the test pieces in the muffle. The gate of 
a casting is, as a‘rule, more’ “ open” and contains more gas than the risers; 
and the next step: consisted in testing bars: comparable with one: another 
as regards gas content, and taken fromthe top of a riser. : This’ series is 
indicated. with double letters, except: in ‘the case of O, which is: marked 
with a triple letter. 


DOUBLE-LETTERED SERIES, NN TO SS. VOLUME CHANGES. 


These samples grew under heat treatment to approximately the same 
ultimate growth as the corresponding members of the previous series, 
but the rate of growth was in all cases slower. Cracks did not develop 
in QQ and RR until after the eighteenth heat, as compared with twelve 
heats in the single-letter series. But the most marked difference was 
shown’ by. SS, which did not develop cracks until after the eighteenth 
heat, whereas S cracked after the first heat. Further, although SS cracked 
extensively before ultimate growth. was reached, the cracks. never became 
so large, nor was the specimen as much deformed. These results can be 
most simply explained by supposing that the castings contain their dis- 
solved gas unevenly distributed, the gate containing the maximum and 
the top of a riser the minimum, and that the disruptive effects noticed 
in S were due to an excessive amount of dissolved gas. ; 
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The end of a sample nearest the gate, always grew more rapidly during 
the earlier heats than the other end, this being afterwards equalized and 
even reversed, as shown in the: following table: 











Alloy OOO. Alloy QQ. Alloy RR. 
Hea 
No. 
Far. Near. Far. Near. Far. Near. 
Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
3 1.92 2.44 1.53 1.65 - 1.54 1.94 
10 6.30 6.08 7.40 6.83 7-37 6.73 
15 7.28 6.55 8.20 8.20 9.15 7.98 























NotTE.—The words ‘‘ Far” and “‘ Near’’ refer to positions with reference to the gate. 


The more rapid growth of the end nearest the gate is possibly due to 
a larger amount of dissolved gas. The fact that the other end ultimately 
caught up and sometimes passed it, led the authors to attribute. this to 
the action of gases in contact with the specimens in the muffle. 

The following table enables a comparison of the ultimate growths of 
the two series to be made with each other and also with the percentages 
of silicon they contain: 








Percentage silicon. Percentage. Growth on heating. 
1.07 N_ 15.40 NN _ 16.80 
1.79 O 23.46 OOO 24.60 
2:96 P 32.85 PP. 34.40 
4.20 Q 43-9 QQ 41.6 
4.83 R 59-5 RR 55-3 
6.14 S 63 ss 61 











Although: the double-lettered series grew more slowly than the pre- 
vious. one, the final) results are in good agreement, particularly in the 
case of the first three members, where greater accuracy of measurement 
was possible. From the two series of tests the authors draw the follow- 
ing conclusions: 

1. In a series of cast irons of approximately constant carbon the ulti- 
mate growth after repeated heatings is, broadly speaking, proportional 
to the silicon present. This relationship holds up to 6 per cent. of silicon. 

2. The growth is far in excess of that which can be caused by the con- 
version of combined to free carbon, and is, in fact, much the largest in 
high silicon alloys which contain no carbon combined with iron. (Alloys 
Q, R and S.) 

3. The behavior of the alloys on repeated heating, and particularly of 
Q, R and §S, points to the view that two agencies are at work in their 
growth, viz: ; 

(a) The internal pressure of gas which they contain in their original 
cast condition, and probably chiefly physical in its character. 

(b) The ‘effect of external gases in contact with the alloys during 
their heat treatment, and probably partly physical and partly chemical in 
its nature. 
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As regards 3 (b) considerable light has been thrown on the matter by 
a consideration of the changes of weight which accompany the changes 
of volume discussed above. 


THE INCREASE IN WEIGHT ACCOMPANYING THE GROWTH OF THE ALLOYS. 
SERIES N TO S. 


Alloys N, O and P increase in weight rapidly up to about the tenth 
heat, after which they decrease somewhat and reach a nearly constant 
weight in about twenty-six heats. Alloys Q and R increase in weight 
rapidly up to the fifteenth heat, after which the rate is diminished up to 
the thirtieth heat, and then increasing at an accelerated rate up to- the 
fifty-second heat. Just as in the case of the increase in volume, Q and R 
increase in weight more slowly than P up to the eleventh and ninth heat 
thas pra4 f The increase in weight of S is throughout the largest of 
the series. 


SERIES NN TO SS. 


This series increased in volume more slowly than the other, and the 
increase in weight was also less rapid, notably with QQ; RR and SS, 
especially the last named, where the rate of increase was almost uniform. 

The following table enables a comparison to be made between the final 
increases in weight obtained in the two series: 





Percentage silicon. Percentage increase in weight 





After twenty-six heats. 
N 

| 

| 


1.07 0.65 NN 0.94 
1.79 O 1.89 OOO 2.24 
2.96 P 3.62 PP 4.03 

After fifty-two heats. 
4.20 Q 9.59 QQ 9.33 
4.83 R 10.25 RR 10.30 
614 S$ 13.20 SS 11.55 





The increase in weight (like the increase in volume) follows the same 
order as the increase in silicon. There are, however, complications in this 
case which probably do not affect the volume changes.and make it more 
difficult to interpret the “increase in weight” curves. 

During the heating and cooling of the alloys two causes are at work, 
one of which tends to increase, the other to decrease, their weight. They 
absorb gases from the interior of the muffle, principally carbon. dioxide, 
carbon monoxide, and nitrogen, the two first named tending to oxidize the 
silicon’ and €arbon in the alloys. The former process, of course, results in 
an increase, the latter in a decrease of weight. That these two processes 
actually take place was shown in the following way: 

The Oxidation of Silicon—The fact that the increase in weight follows 
the same order as the increase in silicon at once establishes a presumption 
in favor of this, especially as this element is the only variable in the series 
apart from iron, which, of‘course, correspondingly decreases. Analyses of 
silicon were made, beginning with the original casting, and continuing until 
the specimen of maximum weight was reached. There does not seem to be 
any thoroughly. reliable chemical method of distinguishing between com- 
bined and dissolved silicon and silica in cast irons. It was found, however, 
on analyzing any one series of the six alloys, that a sample of the original 
casting dissolved completely in hydrochloric acid, and that the final precipi- 
tate of silica after ignition was’ quite’ flocculent ‘and white: Proceeding 
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through the series, there came a: point at which hydrochloric acid failed 
to dissolve the entire sample, a microcrystalline gray residue being left. 
The final precipitate of silica was less flocculent and had a greyish tinge. 
Proceeding further, the insoluble residue increased until in the fully grown 
sample it reached a maximum, and the final precipitate was neither white 
nor flocculent but a grey microcrystalline mass of very small bulk. These 
results seem to indicate that in the original sample the silicon was unoxi- 
dized and doubtless present as iron silicide in solid solution in the remain- 
der of the iron. This would. dissolve completely in hydrochloric acid and 
give ultimately a white amorphous flocculent precipitate. The grey micro- 
crystalline residue, insoluble in hydrochloric acid, is probably silica de- 
posited from solid solution by the action of the oxides of carbon at, the 
temperature of the experiments. Evidence of these microcrystalline par- 
ticles was also obtained in the microscopic examination of the alloys. 


The Oxidation of Carbon—This was shown by the following analyses 
made on average samples: 








Percentage carbon 
Percentage carbon 
Alloy. | in the ori ginal alloy. after renin -Ove Percentage loss. 
N 3-98 2.45 38.4 
Oo 3-98 2.40 39-7 
P 3.79 2.60 31.4 
Q 3.76 2.77 26.3 
R 3.79 3.25 14.3 
SS) 3.38 3.44 nil. 














The loss is greatest in N and O, which is only to be expected, as these 
contain the greatest amount of combined carbon—a more easily oxidized 
form than graphite. It diminishes with rising silicon until in § it is nil. 

The increase in weight of the alloys observed is the net result of these 
two processes working in opposite directions. The oxidation of silicon 
takes place much more rapidly than that of carbon, particularly in the case 
of N, O and P; and it is the latter process which causes the drop in the 
curves after twelve heats. The results leave no doubt that, with the ex- 
ception of S, the apparent increases in weight are less than the real. An 
approximation to the latter can be reached in the following way: 








Mean apparent Approximate per- 
Alloy. percentage in- Baste Ales centage gain in 
crease in weight , weight, 
N 0.85 1.5 2.38 
4 my! 1.5) 3.65 
3.85 1.19 5.04 
5. 0.99 6.98 
: 4 0.54 7.20 
Ss 8.97 nil 8.97 














The mean apparent increase after twenty-five heats is calculated, and to 
this is added the loss in carbon, after the same number of heats, the results 
obtained being, those shown in the previous table. 
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_If the increase in weight from complete oxidation of the iron silicide to 
silica and iron be calculated, the following results are obtained, enabling 
a comparison to be made with the above approximate increase: 





Approximate per- ‘ 

poy, | Pepgentage | “Shtage gaan | Culeuated gue 
'y. silicon. weight after 1 assum ptio 

twenty-five heats. FeSi—>Si02+Fe. 





1.07 2.38 1.22 


N 

O 1.79 3.65 2.04 
P 2.96 5.04 3-37 
Q 4.20, 6.98 4.78 
R 4 83 7.20 5.51 
Ss 6.14 8.97 7.00 














These figures show that something besides the silicon in the alloys is 
oxidized, even after only twenty-five heats, which tends to cause an in- 
crease in weight, and itis clear that this must be iron itself, nothing else 
being present in sufficient quantity to account for the difference. The 
researches of Mr. Guillet indicate that the silicon in alloys of this type is 
present as iron silicide, FeSi, in solid solution. The most likely supposi- 
tion, then, is that this compound is oxidized to a mixture of iron oxide and 
silica under the conditions of the experiments. 

Even this, however, is insufficient to account for the whole of the increase 
in weight, as the following table shows: 








Alloy Percentage Approximate percentage Sea ood oN the 
‘ Silicon, gain, in weight. FeSi— > Feo + SiO». 
After twenty-five heats. 
N 1.07 2.38 1.83 
O 1.79 3.65 3.07 
P 2.96 5.04 5.07 
After fifty-two heats. 
Q 4.20 10.45 7.20 
R 4.83 10.81 8.28 
Ss 6.13 12.38 10.42 














It appears, therefore, that in addition there is some oxidation of the 
iron, uncombined with silicon, except possibly in the case of P. This 
deduction agrees with the fact that the fully grown alloys have very largely 
lost their metallic nature, and cut more like a piece of chalk than a piece 
of metal, their micro-structure being also revolutionized during growth. 

The study’ ofthe changes of weight accompanying the growth of these 
alloys has thus shown: 

A partial oxidation of carbon, which diminishes with increase of silicon 
and becomes nil at 6 per cent.; a probably. complete oxidation of the sili- 
con, originally present as iron silicide, to a mixture of iron oxide and 
silica; and a»partial inctease as iron uncombined with silicon.. It is quite 
clear that the ificrease in volume and in weight are closely related to one 
another, and that the growth of these alloys under heat treatment is bound 
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up with a change in the chemical condition of the silicon and to some 
extent of the iron. 


MICROSCOPIC STUDY OF THE ALLOYS. 


A very large number of specimens were investigated in this part of the 
research, alloy P being selected as the middle member of the series with 
about 3 per cent. of silicon. A number of sections, about 0.25 of an inch 
thick, were cut from the original bar and heated in the muffle. From time 
to time as the heat progressed one of these was withdrawn, and in this 
way a series of sections was obtained at various stages of growth. The 
designation of these and the number of heats to which they correspond 
are contained in the following table: 





Designation of section 





The number of heats to which it was exposed. 





| 
{o | Original metal 
I | I 
| 2 | 3 
Alloy P 3 | 6 
4 10 
5 } 15.: 
(6 | ai 





No. 0 corresponds to the original casting, No. 6 to the fully grown alloy, 
and the intervening numbers to the intermediate stages of growth. No. 0 
contained a few small holes. Thése increased somewhat in 1 and 2, the 
increase being mainly from the outside. In the remainder the holes were 
mars uniformly distributed, but increased in number and size from No. 3 
to No. 6, 

The sections were then etched’ with 1 per cent. nitric’acid in absolute 
alcohol. The surfaces of Nos. 0 and 1 dissolved quietly. No. 2 gave a 
slight evolution of gas, which became more marked in No. 3 and was very 
large in No. 4, but diminished in No. 5 and was still less in No. 6. These 
results show that as the heats progressed the alloy absorbed gas, which 
increased up-to about the tenth heat, and after that diminished. The 
appearance of the etched surfaces at this stage gave a most interesting idea 
of the way in which gases penetrated into the alloy. 

No. 0 showed the etched surface of the original alloy, In No. 1 there 
was a thin, dark ring at the edge, that is believed to indicate the depth to 
which gases penetrated after the first heat. This altered layer etched more 
readily than the rest of the alloys, hence the dark appearance. No. 2 (after 
three heats) showed a considerably deeper penetration of gas, however, 
some distance from the center, as indicated by concentric rings of various 
degrees of darkness. In No. 3 the gases appeared to have reached the 
center, and the dark rings were very marked: These diminished in Nos. 4 
and 5 and were entirely absent from No. 6; owing, no doubt, to ‘the fact 
that after twenty-one heats the chemical:and physical effects of the pene- 
trating ‘gases were completed, and the material, being as homogeneous 
as No. 0, etched uniformly. 

The sections were then examined at a magnification of 150 diameters, 
and typical structures photographed. 

In the original casting the greater: part of the carbon’ is present as 
graphite (seen as black lines), the remainder of the field (mottled) show- 
ing the solid solution of*iron ‘silicides ‘in the ‘residue of: the i ann together 
with a small quantity of combined carbon: 
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Next a boundary between a gas-penetrated area (dark) and a still 
unaffected part of the interior (light), in which the graphite plates and the 
solid solution were clearly shown. 


The next showed a completely gas-penetrated area in the early stages 
(after three heats). 

An examination was made of the structure of a part of the interior to 
which the gas had not yet penetrated after three heats. It was interesting. 
because it threw light on changes in the interior of the alloy before the 
gases penetrating from the outside had time to make their influence felt. 
Lines distributed through the white areas, although they doubtless corre- 
sponded to original positions of graphite, no longer represented as much 
of it, being for the most part slits from which the graphite plates had been 
removed. The agency in this removal appeared to be the gas originally 
dissolved in the metal, and probably liberated by heating at the surface of 
the solid solution in contact with the graphite. The latter is much the 
weakest mechanical constituent; and it appears to be forced into holes 
originally present in the casting and enlarged by the breaking down of the 
boundaries between two’holes, when these also consist of graphite. 

A typical structure after maximum growth had been reached bore a dis- 
tinct resemblance to the original metal, with the important difference that 
graphite had vanished from its original position “in the form of plates, 
and the sharp, black lines were replaced by blurred markings. These rep- 
resented areas oxidized by the incoming hot gases which passed along the 
‘slits caused by the removal of graphite under the influence of the pressure 
of the originally dissolved gases. Although large holes were numerous in 
the fully grown alloy, a field free from holes was selected to illustraté the 
final structure, as it! enabled the resemblance and the contrast tothe origi- 
nal alloy to be most readily seen. 

Before proceeding to study the influence of gases on the growth of the 
alloys, one question still remained to be answered. Although graphite, or 
temper carbon, had been found in all the alloys that grew on heating, yet in 
the nearly constant graphite series, N to S, the growth had been found to 
be roughly proportional to the silicon present. To settle the question 
whether an iron-silicon series containing no graphite would grow on re- 
peated heating, three alloys with ascending silicon and as little carbon as 
possible were cast under similar conditions to previous alloys. Their 
analysis gave the following results: 


IRON-SILICON SERIES. 

















Percentage. 
Mark. 
Silicon. Carbon. | Manganese.| Sulphur. | Phosphorus. 
T 0.65 0.17 0.17 0.045 0.017 
v 1.10 0.18 0.19 0.049 0.022 
Vv 2.71 0.19 0.20 0.055 0.033 
| 














Microscopic examination showed in all three cases a solid solution (of 
iron silicide in iron), with no traces of graphite or any other structural 
constituent. ' 

Machined bars were heated fifteen times under the same conditions as 


previous alloys, A summary of the changes of volume and weight are given 
in the table below: 
































Percentage change of | Percentage change 
Alloy. Percentage silicon. volume after fifteen of weight after 
heats, fifteen heats. 
T 0.65 — 0.025 — 0.04 
U 1.10 0.000 — 0,03 
Vv 2.71 + 0.394 — 0.02 , 











Alloy T expanded slightly, after the first heat, remained constant after 
the next three, and then contracted slightly. There was alsoia slight pro- 
gressive diminution in weight. Alloy U expanded. very. slightly: after the 
first heat, returned to its original volume after the second heat, and then 
remained ‘steady, The diminution in weight was very-similar to that of 
T: Alloy V, after five heats, had. still its original volume, and then began 
to grow very slightly, but even after fifteen heats the growth was only 
0,394 per cent. It decreased in weight. the least of the three alloys. 

Thus the only alloy of the three which showed. any tendency to grow 
was V, with 2.71 per cent. of silicon.. The expansion was, however, very 
slight, and, compared with that of P (2.96 per cent. silicon and 3.79 per 
cent. carbon) after-the same number of heats, was almost negligible 
(0,394 as compared with the mean figure of P and PP,.31.35 per cent.). 

Alloys K, N and P correspond closely to alloys .T, U. and V in silicon 
content, They also contain about 3.9 per cent. of carbon, mostly in the 
form. of .graphite,.as compared with a mean: of '0.18, per cent. of carbon, 
none of which is present as graphite, in the other-series. A comparison 
can thus be made between. the. changes of volume of the two. series under 
similar tests after fifteen heats by means of the following table: 








Percentage Percentage 

Alloy. | Carbon.|Silicon.| change of || Alloy. |-Carbon.| Silicon.| change of 
volume. volunte. 

T 0.17 0.65 — 0.025 K 3.90 0.69 + 5.40 
U 0.18 1.10 0.000 N 3.98 1.07 + 15.20 
Vv 0.19 | 2.7% | + 0.394 P 3:79 | 2.96 + 31.35 


























This comparison emphasizes that free carbon, either as graphite or 
temper carbon, is an essential factor in the growth of cast irons under heat 
treatment. The previous series of alloys, however (N to S), also clearly 
showed that in a constant graphite series the growth is roughly propor- 
tional to the silicon present. It is clear, therefore, that both graphite and 
silicon are involved in these changes of volume after repeated heatings. 


INVESTIGATION OF THE INFLUENCE OF GASES ON THE GROWTH OF CAST IRONS. 


The apparatus used consisted*of a glazed Berlin porcelain tube, which 
would hold a vacuum for many hours at 900 degrees C., when heated by 
gas. ‘The ends were closed with purified rubber stoppers. On the left- 
hand side of the tube a stopcock was, inserted through the stopper .and 
served to introduce air into the apparatus when required. The specimen 
to be tested was introduced through this end. An arrangement for water 
cooling the ends of the tube in contact with the stoppers was also used. 
The other end of the tube communicated with a mercury gage and a gas 
pipette of known volume, and thence to a Fleuss pump. The. same period 
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of heating, viz: four hours, was allowed as in the gas-heated muffle experi- 
ments. The specimens of alloy for test were machined to 6 inches by 
Y inch, 


EXPERIMENTS WITH S. 


This alloy was chosen because it had shown the maximum growth of 
the N to S series, viz: about 62 per cent., and a 6-inch length was machined 
as close as possible to the gate of the casting, in order to secure a piece 
comparable with the original specimen of S, which cracked so quickly on 
heating in a muffle. This specimen is designated S14. Its exact volume was 
19.88 cubic centimeters. 

This specimen was heated in the evacuated apparatus, the temperature 
being raised gradually. Gas was given off readily (the exact temperature 
was not measured). After two heats the bar was measured and weighed 
and its appearance noted. 


ALLOY S, HEATED IN Vacuo aT 900 DEGREES C. 





Length, | Diameter,| Volume, | Change, | Weight, | Change, | Heat 
inches. inch. cubic ins. | per cent. |. grams. | percent. | No. 





6.0250 0.5227 1.2928) J wa. THABIG fF PTR | ccs 
6.0167 0.5234 1.2943 +0.120 144.821 + 0.003 2 
6.0157 0.5234 1.2941 + 0.101 144.820 + 0.003 5 
6.0145 0.5233 1/2924 —0.04 “ 
6.0145 0.5233 1.2924" |* —0.04 144.828 + 0.008 16 























The above table gives the exact data. A slight growth was found (0.12 
per cent.), and a minute increase in weight (0.003 per cent.). Twelve and 
four-tenths cubic centimeters of gas had been evolved at this stage. The 
surface of the bar was slightly discolored (greenish-yellow. to blue), this 
being more marked at the gate end. The authors interpret this as indicat- 
ing that the gas evolved from the metal, from about 800 degrees C. up- 
wards, reacted with it, causing the discoloration, and that the effect was 
more marked at the gate end because more gas was present. After the 
fifth heat the bar had begun to shrink, but was still a little larger than the 
original size. After the eleventh heat it had shrunk further, and was 0.04 
per cent. smaller than the original: This value was not altered after six- 
teen heats. The evolution of gas continued over eight heats (thirty-two 
hours), and reached a total of 22.20 cubic centimeters. The bar, therefore, 
gave up 1.11 times its own volume of gas. 

It was not possible in this experiment to determine the average composi- 
tion of the gas evolved, since the apparatus’ had to be disconnected from 
time to time to enable the bar to be measured and weighed. The determi- 
nation was, however, made on another sample cut somewhat farther from 
the gate, and it was noticed that much less gas was given off. Its composi- 
tion was as follows: 


Constituent. Percentage by volume, 
Carbon dioxide. ............ceeeeeeeeees once Aids Waidiacs nil. 
Carbon MONOKIGE..... cioe.cs + dela ce cickes chines tiie oidipee Genie Goes nil 
ARON ei eee oa Pa teas Cinta s Sab eaten Cet nee eee nil 
BECOME 54s tascurieed sia dln Sei a pic hineth abioouens didiscia ata taiay 87.5 
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Thus the only constituents were hydrogen and nitrogen, present:in the 
proportion of 7 to 1 by volume. This result agrees with that obtained by 
Troost and Hautefeuille, who found that hydrogen was the principal gas- 
eous constituent of cast irons. 

During the sixty-four hours’ heating the bar gained 12 milligrams in 
weight (0.008 per cent.). This is very small, and was probably caused by a 
very slight leak in the apparatus. 

The experiment thus showed that alloy S, when heated to 900 degrees C. 
in vacuo, actually shrinks slightly in length and expands in width. This 
alloy grew 62 per cent. (mean value) when heated to constant volume in a 
muffle in contact with gases, thus proving that the growth is caused by 
gases. 

A study of the volume changes enables a further important conclusion to 
be drawn, viz: that the gas contained in the alloy cannot have any appre- 
ciable effect in causing the growth of this alloy, otherwise there would be 
a permanent growth in vacuo.. The experiment has shown that it is pos- 
sible to extract this gas without causing more than a slight temporary 
expansion. It is therefore clear that the external gases in the muffle are 
responsible for the 62 per cent. growth of S. 


TABLE LX.—ALLoy SS}. 


First HKATED IN VACUO AT 900 DEGREES C. TO EXTRACT DISSOLVED 
GaSES, AND AFTERWARDS IN THE MUFFLE FURNACE. 






































Length, | Diameter, | Volume, | Growth, | Weight, | Increase, | Heat, 

inches. inch. cubic ins. | percent. | grams. | percent. | No. 
6.0180 0.5271 ) A oe aa ire TABIO7G <1, ; season: |, <ppuies 
6.0210 0.5278 | 1.318 0.380 146.936 0.44 2 
6.0250 . 0.5288 1.320 0.765 147.041 O.II 6 
6.0600 0.5328 | 1.350 2.82 147.542 0.45 12 
6.0880 0.5365 1.373 Rae a aS Ee We ee 21 
6 0930 0.5371 | 1.380 5.12 148.020 0.78 22 
6.1010 0.5374 1.388 5.73 148.112 0.84 23 
6.1125 0.5390 1.395 6.25. 148.266 0.94 24 
6.1200 0.5390 | 1.400 6.64 148.361 1.01 25 
6.1270 0.5398 1.405 7.02 148.462 1.08 26 
6.1400 0.5410 1.420 8.19 148.608 1.18 27 
6.1525 0.5423 1.425 8.59 148.784 1.31 28 
6.1695 0.5442 1.435 9.29 149.000 1.45 29 
6,1870 0.5455 1.440 9.70 149.180 1.58 30 
6.2260 0.5491 1.480 12.95 149.660 1.90 32 
6.3010 0.5563 1 535 17.95 150.490 | . 2.46 35 
6.4600 0.5703 1.679 28.00 151.433 3.11 37 
6.5870 0.5828 1.760 33-75 152.363 3.73 39 
6.6650 0.5892 1.815 38.30 153-244 4-34 4l 
6 8125 0.6053 1,960 49.40 154.532 21 43 
6 9375 0.6150 2.060 57.00 156.440 55 45 
7.0312 0.6194 2.118 61.30 160.490 9.30 46 
7.1171 0.6270 2.140 63.00 162.333 10.50 48 
7.1250 0.6288 2.212 67.70 165.245 12.50 53 
7.1250 0.6288 | 2.212 67.70 | 164.890 12,26 58 

| : 











Experiment has substantiated this deduction conclusively in the follow- 
ing way: A fresh bar of alloy S was machined to about 6 inches by 0.5 of 
an inch. It was heated in vacuo at 900 degrees C. until no more gas. was 
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given off, and afterwards in the muffle under the same conditions as the 
other bars. 

This bar (SS%) grew very slowly. After twenty-one heats the expan- 
sion was only 4.08 per cent., and after thirty only 9.7 per cent. Beyond 
this stage, however, it grew rapidly. After fifty-three heats the growth 
was 67.7 per cent., which is, in fact, slightly larger than the figures 63 and 
61 obtained for S and SS, respectively. After five more heats there was no 
further growth. The growth of alloy S is therefore due entirely to the 
agency of gases penetrating from the muffle. 

There was, however, a most important difference between the final con- 
dition of SS and S, on the one hand, and SS¥%, on the other. ».Whereas 
the two former cracked extensively during gtfowth and became greatly 
deformed, the latter hardly cracked at all, and kept its cylindrical form 
almost. perfectly. The cracking of S and SS, therefore, is due to pressure 
from within caused by the dissolved gases hydrogen and nitrogen, their 
coefficient of expansion at the ordinary temperature being about 400 times 
greater than that of grey cast iron. The rapid growth is due to the rela- 
tively large surface thus exposed to the penetration of the muffle gases. 

At the conclusion of its growth SS% was again heated in vacuo and 
the evolved gas analyzed. It had the following composition: 


Constituent. Percentage by volume. 
RAPE CRN eon was cnn tas Mice cam mniemain sate teu bik 33.00 
GAS WOM TOMI cei oso Cha secede Kacn'e.67tbppe cakoae en -. 14.54 
CREME sab ans £410 og Lactévis <aidie GA tenis bas Sah dn Meee eae nil 
RAVER: «<5 rk S we nenenk deh hase d ods Sitne ok eoanwesanioneea 42.50 
TOMY RNAEN cs aha ne cunt «hin Lae raseis nie os aabanicenieuaen ae pte 9.96 


showing that nearly half the total quantity of penetrating gases consists of 
oxides of carbon, which are responsible for the oxidation of the iron 
silicide so closely bound up with the growth of the alloy. 

The proof just given that the growth of this alloy is caused entirely by 
the penetration of gases. from the muffle is important, because it explains 
the interesting fact that the corners not only of this alloy but also of Q 
and R grew more rapidly than the rest of the bar, the.ends being cupped. 

There can be no doubt that the more rapid growth of the end of the bar 
nearest the gate of the casting is connected with the fact that it contains 
more dissolved gas. But this does not of itself explain the more rapid 
growth, because the experiments in vacuo have shown that this gas can be 
removed on heating without causing any permanent growth, Although time 
has not permitted. this question to be investigated, the authors think that 
the more rapid growth, which is usually accompanied by more or less 
cracking, may be caused by an explosive reaction between the penetrating 
oxides of carbon and the dissolved hydrogen in the alloy. 


EXPERIMENTS WITH N. 


This alloy was chosen because it presented the greatest contrast. to S. 
It was a very close-grained iron, had the greatest mechanical strength of 
the series, and grew the least on heating. The results obtained, while 
apparently not so striking as those with S, are equally interesting and 
scientifically important. 

A bar (NZ) cut from the gate end of the casting was machined to the 
usual size, and heated in vacuo under similar conditions to S%. Gas was 
given off, but much less readily. After the first heat the bar was measured, 
and found to have increased 1.63 per cent. in volume. The growth pro- 
ceeded steadily up to twenty-five heats, when a maximum) was reached, no 
further, increase taking: place after an additional ten neate, The. ultimate 
growth was 11.1 per cent. . : 
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After the first heat a loss in weight of 3 milligrams’ was found. Be- 
yond this, however, a gain in weight took place of the same order of 
magnitude as with S (26 milligrams in thirty-five heats), and doubtless 
also due to a minute leak through the stoppers. 

The total volume of gas evolved was 23.27 cubic centimeters, the volume 
of the bar being 19.87 cubic centimeters. The bar thus gave up 1.17 times 
its volume of gas. Its composition, determined on another sample obtained 
from a fresh bar, was as follows : 


Constituent. Percentage by volume. 
Carbon ‘dioxide 210.65 500. VRE TES EGS EE 1.09 
Carbon monoxide :'.05 20200. SES) POI. OI, nil 
Gee pen SS. FR SEO REE TS OOP BERS IR A A nil 
Hydrowsen 25 201 Fe01 AG IS BEE AL 98.54 
NiGFGPEh UE IS eR BOTA EL  OPPP RAY 0.37 


The gas thus consisted almost entirely of hydrogen. 

The experiment thus showed that this alloy behaves quite differently 
from S% when heated in vacuo, and that it grows to a very considerable 
— both absolutely and relatively to the total growth when heated in 
a muffle. 

In order to get an exact comparison another bar, NN'%4, was heated in 
vacuo until no further gas was evolved, then transferred to a muffle and 
heated to ultimate growth under the same conditions as SS%. It grew 
very similarly to N and NN, although its ultimate growth was rather less, 
viz: 13.50 per cent. The growths of N% and NN% were similar, although 
NN¥Y, grew rather more rapidly, but the final difference between them was 
only 2.4 per cent., whereas between the corresponding S% and SS% it was 
67.7. per cent. 

The fully grown NNY was finally heated.in vacuo and the evolved gas 
analyzed : 


Constituent. Pércentage by volume. 
Carbon dioxide 32. bo. 2280. 20 FRe 208, OER SOT OS AS 17.61 
Carton” niitidxidé 250002 20 S22F AS See ee 27.46 
CRE PETROS PIS, SORES TEDE ROM, 00, 9e, 0.35 
Hydrogen Fe. 28) SUCRE APIECE LOE 12 URS 40.14 
IRFSeUH. SUSI SD. S00 TD, POLO ARO CT BS eke 2¥ 14.44 


As in the fully grown SS™%, the gases “which penetrated into NN¥% con- 
sist of oxides of carbon to the extent of about 45 per cent. 

The behavior of alloy N is thus in complete contrast to that of S) as is 
shown in the following table: 





Percentage growth, when heated 
All Percenines v0 aie in muffle furnace after previ- 
sl vacuo: viously cesrenting as much gas 
as possible in vacuo. 





N ‘bEE.IO 15 | i H13.50°- 
Ss —0,04 ) ' '--67.70 











The most striking difference is the behavior when heated to constant 
voltitne in vacuo. °S shrinks slightly, but remains almost constant; whereas 
N grows 11.1 per cent. To explain this difference ‘the authors suggest’ the 
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following hypothesis: S is a very open-grained alloy, and the gas it ‘con- 
tains in its originally cast condition will be comparatively readily removed 
by heating in vacuo without causing a permanent growth.‘ On the other 
hand, N is a close-grained alloy, a compact aggregate of iron silicide (dis-- 
solved in iron) and ‘graphite with very few holes, and the gas it contains is 
removed in vacuo with much greater difficulty. In fact, the only explana- 
tion of the 11 per cent. growth in vacuo is that some of the gas remains 
permanently imprisoned in the alloy, its enormously greater coefficient of 
expansion causing an internal pressure sufficient to expand the metal per- 
manently. In this way cavities are formed, and doubtless enlarged in places 
wees the boundaries between two cavities consist of mechanically weak 
graphite. 

(The expansion due to complete conversion of combined to free carbon 
in N cannot, at the most, account for more than 1.58 out of a total of 
11.1 per. cent.) 

N thus appears to furnish an instance of an alloy in which the dissolved 
gases are capable of causing a large growth, at any rate when external 
gases are removed. 

On the other hand, when N is caused to grow by heating i in a muffle, 
the curves of increase of volume and: increase of weight leave no doubt 
that they are closely related. The greater part of the increase is effected 
in the first ten heats, the growth being probably largely due to the pene- 
trating gases. How much is due to the pressure of originally dissolved 
gases it is very difficult, if not impossible, to estimate, but since the enlarge- 
ment of the ends of bars N, O and P in the early stages was very much 
less marked than in Q, R and S, the pressure of the dissolved gas probably 
is responsible for the more even growth in these cases in some way that is 
yet not understood. 


SUMMARY. 


Summarizing these results, it may be said that there are alloys, e. g., 
S, whose growth in air is;due entirely. to oxidizing. gases penetrating. their 
interior, and others, e. g., N, where this may not.be.the sole agent, but 
where originally dissolved gases contribute to some extent to the growth. 

Iron-carbon. Series. of Alloys, Containing No: Graphite—The carbon 
ranged between 4.03 and 0.15 per cent. Other constituents were low and 
constant. (Eight alloys, B to I.) 

A. Sand-Cast Alloys.—White irons. The final result after thirty-nine to 
seventy-eight heats. was a permanent shrinkage in all cases, which in six 
out of eight cases was not. more than 0.5 per cent. A diminution in weight 
was found in. seven out of eight cases, which followed nearly the same or- 
der as the carbon. 

B. Chill Cast Alloys—White irons. The results were similar to those 
obtained with the sand cast alloys, although the permanent shrinkage was 
not so fully marked. 

The above results have gvien the solution of the practical problem, viz: 
the finding of an alloy whose volume remains constant’ even after repeated 
heatings at about 900 degrees C. Such an alloy would be a white iron with 
about 3 per cent. of carbon, and only small quantities of other constituents 
of which for this, purpose silicon is the most important and should not 
exceed about 0.2 to 0.3 per Cent. 

High-Carbon Medium Silicon Series (J, K and L), Containing Small 
Amounts of Graphite and 0.5 to 0.8 per cent. ‘of Silicon —These_ alloys 
grew from the outset, and reached their maximum ‘growth in fifty to 
sixty heats. .The bar with the lowest silicon showed the smallest, that with 
the highest silicon the largest growth. 

Two white irons, A and M, contracted and afterwards grew. Both 
these irons became grey on heating, and the change from shrinkage to 
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growth coincided with the appearance of free carbon (temper carbon) ; 
and in the case of M as the free carbon increased, so did the growth. 
Free carbon is thus an indispensable factor in the growth of cast iron 
under these conditions. 

It was shown by calculation with existing (though unsatisfactory) data 
that the growth of A and M observed may be accounted for by an expan- 
sion consequent on the deposition of temper carbon in accordance with 
the equation: 


Iron carbide (FesC)=iron (3Fe)—temper carbon (C). 


Iron-carbon-silicon Series—Alloys, N to S. Carbon, 3.4 to 3.98 per cent. ; 
silicon, 1 to 6 per cent. in steps of 1 per cent. Other constituents low 
and constant. Growths of between 15 and 63 per cent. were found, pro- 
portional to the silicon present and far in excess of what could be caused 
by the conversion of combined to free carbon. . In fact, they were largest 
in the high-silicon alloys which contained no carbon combined with iron. 

‘These bars had been machined at haphazard, some from the gate, 
others from. risers in different positions. The rate of growth was shown 
to depend on the position, bars from the gate growing more quickly than 
those from risers. That end of a bar nearer the gate grew more quickly 
than the other. The ends of some of the bars grew more quickly than 
fhe centers. 

Bars cut from comparable positions were next tested (NN to SS series). 
They were all cut from the top of a riser, and grew more slowly than 
the N to S series, but ultimately reached about the same growths. 

tend series of alloys showed that gases played an important rdle in their 
growth. 

The curves of rate of increase in weight were found similar to those 
of growth, and established an intimate connection between the two. 

The final increase in weight followed the same order as the percentages 
of silicon, and was shown to be the resultant of three processes: (a) A 
partial oxidation of carbon which diminished with increase of silicon and 
became nil at 6 per cent.; (b) a probably complete oxidation of silicon, 
originally present as the silicide of iron, to a mixture of iron oxide and 
Silica; (c) a partial oxidation of iron uncombined with silicon. 

The growth of the alloys, N to S, was thus shown to be bound up with 
a change in the chemical condition of the silicon. 

The gradual penetration of gases into the alloys during growth was 
studied microscopically in P, and the structural changes recorded. Large 
amounts of gas are dissolved at certain stages. Graphite is displaced from 
its original position—the spaces left aré oxidized—and numerous small 
holes are formed. The structure is revolutionized. 


IRON-SILICON ALLOYS. 


Iron-silicon Alloys—T, U and V. Silicon, 0.65 to 2.71 per cent.—con- 
taining no graphite, were shown not to grow appreciably after repeated 
heatings. 

With regard to the influence of gases, alloy S, which grew 62 per cent. 
in a muffle, did not grow when heated in vacuo, but contracted (0.04 per 
cent.), and gave up 1.11 times its volume of gas (87.5 per cent. hydrogen 
and 12.5 per cent. nitrogen), Another bar, heated in vacuo: until it. had 
ceased evolving gas, was heated in a muffle and grew 67.7 per cent., show- 
ing that the growth of this alloy is entirely due to the penetration of 
gases, About 47 per cent. of the penetrating gases consist of oxides of 
carbon. They are responsible for the oxidation of. the iron silicide which 
is so closely. bound up with the growth of this alloy. 

The more rapid growth of the ends than the rest of the bar is readily 
explained, as they expose more surface to the penetrating gases. 
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The more rapid growth of the end of the bar nearest the gate of the 
casting is connected with the fact that it contains more dissolved gas;. but 
-the cause is not yet clear. 

Alloy N, which grew 13.5 per cent. in a muffle, grew 11.1 per cent. when 
heated to constant volume in vacuo. It gave up 1.17 times its volume of 
gas, 98.5 per cent. of which was hydrogen. As regards growth in vacuo 
this alloy thus furnished a complete contrast to S. This very close-grained 
iron probably does not give up all its gas on heating, some remaining per- 
manently imprisoned. Its coefficient of expansion being about 400 times 
that of the iron at the surface of contact between the iron and the graphite 
plates, the pressure will be sufficient to produce permanent expansion. 

N appears to be an alloy whose dissolved gases are capable of causing a 
large growth, at any rate where external gases are removed... 

The growth of N in a muffle is probably caused by the combined effect 
of originally dissolved hydrogen and the penetrating oxides of carbon. 

The research has thus disclosed, among the grey irons, alloys, e. g., S, 
whose growth in air on heating is entirely due to oxidizing gases penetrat- 
ing their interior; and also alloys, N, where this may not be the sole agent, 
but ees originally dissolved gases contribute to some extent to the 
growth. 


. 


THE AGENCIES AT WORK IN THE GROWTH OF GREY CAST IRONS. ON REPEATED 
HEATING, 


Annealing ovens are grey irons, containing graphite and silicon, whose 
presence is intimately connected with growth; also manganese, sulphur 
and phosphorus, whose influence has not been investigated, and some dis- 
solved gases, and they are exposed in practice to the direct action of flame 
gases. They consist of four main structural-constituents, which may almost 
be considered as three: A solid solution of iron silicide in iron and manga- 
nese; graphite; some combined carbon—pearlite; phosphide eutectic. 

With rep...ted heating 3 tends to pass into 2. 

It has been shown that, after the first heating, gases have penetrated to 
a certain depth, and also that seventeen hours’ heating produces no more - 
growth than three, the actual time required depending on the sizé ‘of the 
oven, and the rate of supply of heat for the attainment of a steady tem- 
perature, and corresponding volume. Although the gases penetrate to a 
certain depth during this period, possibly along slits existing between the 
graphite plates and the solid solution of silicide in iron, and through exist- 
ing holes, they are not actually absorbed by the solid solution until the 
oven is cooling. During this absorption the oxides of carbon first oxidize 
the iron silicide at the boundaries of the crystals, this reaction being accom- 
panied by growth and incipient disintegration. Minute cracks are formed, 
and possibly a series of minute explosions owing to the reaction between 
the dissolved hydrogen and the penetrating oxides of carbon. The mechani- 
cally weak graphite may be disintegrated and forced into holes originally 
existing in the metal. Nitrogen enters along with the oxides of carbon, 
and is absorbed to some extent (see gas analyses), the net result being a 
slight growth of the oven by the time it has cooled down. 


INFLUENCE OF GASES. 


Whett the oven is next heated, the furnace gases penetrate a little far- 
ther, owing to the fresh avenues opened up by the reactions just described. 
On cooling, these reactions are repeated, more of the iron is disintegrated, 
and a further growth takes place. Simultaneously, if the iron is close 
grained (like alloy N) hydrogen and nitrogen are liberated at the boun- 
daries between the solid solution and the graphite. Their high coefficient 
of expansion causes the graphite to be disintegrated, and collect in the 
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holes of the casting. Where the boundary between two holes consists of 
graphite, it is destroyed by this action, and the two holes become one. 

As the heats progress these changes continue. At each heat the external 
gases penetrate a little farther, and finally work right through the oven, 
the rate depending on its chemical composition, physical texture, etc. 
When this condition is reached, the oven has grown to its full extent. 
Some of the graphite has been burnt off, all the silicide of iron has been 
oxidized (probably to a mixture of iron ‘oxide and silica), and some iron 
has been oxidized as well. The main cause of growth is disintegration by 
the oxidation of: the iron silicide. In close-grained irons the pressure of 
dissolved gases also contributes to the growth. At the conclusion of the 
process the structure has been revolutionized; the oven has lost the prop- 
a gf cast iron, has no mechanical srength, ‘and can be sawn like a piece 
of cha 

The authors recommend that white irons should be tried for annealing 
ovens instead of grey, the most suitable composition appearing to be an 
iron with about 3 per cent. of carbon and as few impurities as possible. Of 
these silicon is the most important, and should not exceed 0.2 to 0.3 per 
cent. This iron’ would probably shrink slightly on repeated heating. 
White irons higher in carbon will tend to deposit temper carbon, and the 
material will grow, though less than grey iron. White iron may prove to 
be unsuitable, because it may crack on heating, but this difficulty may per- 
haps be overcome by modifying the design. 


BRASS AND OTHER COPPER ALLOYS USED IN MARINE 
* ENGINEERING.* 


By J. T. Muvton, Vick-Presiwen?, Inst. Mar. ENG. ie 
ees? fi 

The first point to be mentioned is. that of nomenclature, and, this is 
found.to be a very difficult matter. Marine engineers, as.well as many 
others who use brass, bronze and various alloys of copper and other metals, 
have very vague ideas as to names, calling all sorts of. metals “ brass” 
which are not true brass, and calling others “bronze” which are more 
nearly allied to brass than to bronze. In fact, we generally call parts of 
bearings “brasses” which are made of so-called gun-metal, phosphor 
bronze or, anything but brass. Even when they are made of cast steel or 
cast iron and lined with white metal they are often still called “ brasses.” 
Some of the white metals are sometimes called “ bronzes.” 

The subject of nomenclature of alloys has been dealt. with comparatively 
recently by the Institute of Metals, which, in conjunction with other Insti- 
tutes, appointed a committee to report on the matter. Their first report 
was made in March, 1914, and will be found in Vol. XI of the Transactions 
of the Institute. 

Their recommendation was that the term “brass” should be restricted 
to alloys of copper and zinc only, but containing more copper than zinc, 
i. e., containing over 50 per cent. of copper. An alloy containing a third 
metal is to be denoted with the name of the additional element used as a 
prefix. Thus the alloy containing 1 per cent. of tin, 29 per cent. of zinc, 
and 70 per cent. of copper used for Admiralty condenser tubes should be 
called “tin-brass.” Similarly they recommended that the term “ bronze” 
should be used to denote an alloy containing more than 50 per cent. of 
copper, the remainder being tin only. If other metals were present then 
their names should be used as prefixes, thus the ordinary Admiralty mix- 





* Abstract. of a Paper read by Mr. J. T. Milton (Vice President) at a meeting of 
the Institute of Marine Engineers on May 1. 
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ture usually called “ gun-metal,” containing 88 per cent. of copper, 10 per 
cent. of tin, and 2 per cent. of zinc, should be called “zinc-bronze.” It 
may be stated that’ these names have not yet come into general use, and 
both the terms “brass”. and “ bronze” are being frequently used in most 
misleading ways 

Even the name gun-metal conveys no precise idea, either-of the composi- 
tion of the metal or of what a gun is made of, as when copper alloys were 
used for making guns they were generally composed of copper: and tin 
only; that is to say, they were “bronzes,” whereas the term “ gun-metal” 
is now more often employed to denote an alloy containing zinc in addition 
to copper and tin. Moreover, these guns were generally spoken of by the 
soldiers who used them as “ brass” guns. 

In this paper the alloys will be spoken of by the names usually employed, 
although they are admittedly not precise, but it is hoped that no miscon- 
ception will arise through thé use of these common names, as it is intended 
in all cases to state the main elements of their composition. 

Copper-tin alloys were known and used in the remote past, in the so- 
called “bronze” age before the use of iron. It is stated that a rod of 
metal found by Dr. Flinders Petrie, at Meydum, was found to contain 
89.8 per cent. of copper and 9.1 per cent. of tin. It was estimated to date 
from 3700 B.C. Objects of bronze were found at Troy, supposed to date 
from 1200 B.C. The first artificer we read of in the Bible was Tubalcain, 
who was an instructor of every artificer in brass and iron. In Hiorns’ 
book on alloys there is a quotation from another work, in which it is 
stated that the word translated as “brass” in this and other places in the 
Bible, probably refers to “bronze,” an alloy of copper and tin. From 
Percy’s Metallurgy, however, it is evident that real brass, 7. e., an alloy of 
copper and zinc, was in use in Roman times. He gives the analyses of 
four ancient coins, all containing not less than 10 per cent. of zinc, of 
dates about 20 B.C., 60 A.D., 79 A.D, and 120 A.D., and also analyses of 
other ancient brass coins of somewhat later period; one of’these has a 
composition which would be suitable for making condenser tubes. Percy 
states that although zinc was used in these ancient alloys, it was not known 
as a separate metal. He implies that it was not until the 16th century that 
zinc was so known, and that from the Roman times until then the brass 
alloy was made by what is known as the “calamine” process, a method 
which was in use in this country as late as 1859. kis 

Calamine is a zinc ore consisting primarily of carbonate of zinc. In 
making brass, 100 pounds of calcined calamine was mixed with 40 pounds 
of ground coal and a little water. This was then mixed with 66 pounds of 
bean-shot copper and charged into crucibles which, in groups of nine, were 
placed in a furnace. The heat applied permitted the coal to combine with 
the oxygen of the ore. At a temperature somewhat below the melting 
point of copper the zinc which was reduced was vaporous and combined 
with the copper, which, being in small pieces, presented a large surface to 
the action of the zinc vapor. The brass produced in this way has about 
the composition of two parts copper to one of zinc. “Calamine” brass 
was for a long time thought to be of superior quality to brass produced by 
the direct mixture of zinc and copper, which is the method of manufacture 
now always adopted. : 

Copper and zinc alloy in all proportions, and the alloys throughout their 
range, have been scientifically studied perhaps more than any other series 
of alloys. Law gives a table of no less than 144 records collated for the 
Committee on Alloys appointed by the United States Board (reported in 
1881). Mr. G. Charpy, an eminent French metallurgist, in a volume = 
alloys, published ‘by the Société Nationale d’Encouragement, Paris, has 
given a very complete account of the microstructure of these alloys. A. H. 
Hiorns in his book’on “ Metallic Alloys,” gives a table of 54 different alloys 
mainly of copper and zinc, but a few containing small quantities of other 
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metals. He also gives a table of the freezing points of the alloys. through- 
out the range, which table agrees with the curve given in the Fourth Re- 
port of the Alloys Research Committee of the Institution of Mechanical 
Engineers, which report deals with alloys of copper and zinc, and also 
those of copper and tin. 

This report points out that the brass alloys which admit of industrial 
application are those containing from a minute proportion of zinc to 45 
per cent. of that metal. When the proportion of zinc becomes as high as 
50 per cent. the alloys become fragile. The report states that it is found 
that generally the limit of elasticity, the resistance to penetration and the 
hardness increase with the proportion of zinc, the tenacity also increases 
until it attains a maximum at about 45 per cent. of zinc. The extensibility, 
compressibility and reduction of sectional area also increase with increase 
of zinc, but attain their maximum at about 30 per cent. 

In alloying copper and zinc there is no doubt whatever that true chem- 
ical union takes place between the metals, but this can only occur in 
atomic proportions. The atomic weights of the two metals are nearly 
equal, being 63.2 for copper and 65 for zinc. Various experimenters have 
considered that the compounds Cu Zn, Cuz Zn, Cus Zn2, Cus Zn, all may 
exist. In the table of brass alloys quoted both by Hiorns and. Law, com- 
positions are given ranging by units right up to Cus» Zn, and down to Cu 
Zns. What might fairly be considered is that the alloys containing the 
least proportion of zinc are composed of a compound of copper and zinc 
existing as a solid solution in copper, and that those containing more zinc 
as solid solutions of one zinc copper compound in another compound of 
different proportion. 

When copper and zinc alloys are examined microscopically by suitably 
preparing and etching sections it is found that all those containing from 
67 to 100 per cent. of copper have a uniform crytalline structure. Those 
of less copper content down to about 55 or 50 per cent. have a duplex struc- 
ture; that is to say, they consist of two constituents, at about 50 per cent. 
one constituent only is present. The above refers to the metal, both in the 
annealed and also in the “hard worked” condition. If, however, the metal 
is raised to a very high temperature and quenched, the duplex structure 
is found to have. disappeared. Apparently the two constituents mutually 
dissolve into one another at a high temperature, and are retained as solid 
solutions by quenching. Slow cooling, however, permits them to again 
separate, and the slower the cooling the more complete is the separation 
which takes place.. In the alloy named “ muntz metal,” containing approxi- 
mately 60 per cent. copper and 40 per cent. zinc, the separation is. well 
marked. 

All the alloys containing 55 per cent. and above of copper have their 
useful. properties considerably improved by working. Those below about 
66 per cent. of copper may be forged or rolled hot, muntz metal being 
easily so worked, above 67 per cent. it is generally considered that the 
metals can only be worked cold. As the critical proportion, say 66 or 67 
per cent. is approached, more care is required in forging hot. Muntz 
metal and the other low-zinc alloys can also be worked cold as well as hot. 
In all cases. of cold working every deformation given to the metal hardens 
it and renders it less able to withstand further deformation, but this hard- 
ness may be removed by annealing. 

A remarkable example of how cold work can alter the shape of a mass 
of metal without producing fracture was given by Sir William Anderson 
in the discussion on the Fourth Report of the Alloys Research Committee, 
in an explanation of the manufacture of brass cartridge cases for 6-inch 
quick-firing guns. These are made from an alloy of 70 per cent. copper 
and 30 per ‘cent zinc, This is rolled cold into a plate from which circular 
discs are cut. The discs are then pressed cold into a cup shape, then an- 
nealed and cleaned. The cups are then gradually drawn out into close- 
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ended tubes, thinner and thinner, each draw, except the last one, being 
followed by annealing and cleaning. In all there are eight annealings, the 
whole of the work being done cold. 

The same alloy, 70 per cent. copper and 30 per cent. zinc, is also used for 
making condenser tubes, although sometimes a slightly higher percentage 
of zinc is used for this purpose, say up to 33 per cent., and similar metal is 
also sometimes used for cartridge cases. For the Admiralty, condenser 
tubes have a little tin added to the mixture, their standard proportions 
being 70 per cent. copper, 29 per cent. zinc, and 1 per cent. tin. In making 
condenser tubes the metal is first cast into tubes about 3% inches external 
diameter, %4 inch thick. These tubes are then drawn cold upon smooth 
mandrels several stages until they become of the finished size, each draw, 
with the exception of the last, is followed by annealing. The last draw 
leaves the tube “hard.” The amount of “draw” or “pinch,” or reduction 
of cross-sectional area at the last operations, is such as to leave the tube 
sufficiently hard to withstand the tendency to crush, owing to its being 
tightly packed in the tube plates, but not so hard as to be brittle. 

As a surface defect on the inside of the original cast tube would not be 
entirely removed by the drawing process, it is usual to bore out the cast 
tube before any drawing takes place, and so produce a clean and good sur- 
face to start from. This, however, is not always done. 

The same alloy, viz.: 70 per cent. copper and 30 per cent. zinc, is used 
for making turbine blades. The process of making them, so far as the 
author is aware, has not been made public. 

Condenser ferrules are made of an alloy containing a little more zinc 
than the condenser tubes. They are machined from tubes “hard” drawn, 
as for them hardness is a desirable quality, enabling them to be screwed up 
ie upon the packing without deformation. 

he brass tube plates of condensers are usually made of “ muntz metal,” 
i. e., an alloy of 60 per cent. copper and 40 per cent. zinc. For Admiralty 
work the mixture specified is 62 per cent. copper, 37 per cent. zinc, and 1 
per cent. tin, and this metal is called Naval brass. The tin is required as it 
is thought that its presence assists in resisting corrosion. These plates 
are rolled hot. 

It has been stated that with these brass alloys greater strength is obtained 
with those containing a larger proportion of zinc. Many figures are given 
in different books of test results of the various brasses. Their diversity 
is due partly to variations in the quantity of work put upon the metal, 
partly to the greater or less amount of annealing to which it has been: sub- 
jected, and partly to the effect of impurities in the metal. Quoting the re- 
port on Alloys Research previously referred to, the alloy “ with 40 per cent. 
of zinc elongates 40 per cent., with a strength of 23.8 tons per square inch. 
By adjusting the softening effect due to annealing and the: strength pro- 
duced by working, it is easy to increase the tenacity of bars and sheets to 
38.09 tons per square inch, and to attain even greater strength in the case 
of wires.” : 

In the same report there is. a statement by Dr. D. Watson, the manager 
of the Broughton Copper Co., of Manchester, showing the effect of small 
quantities of impurities upon the strength and ductility of brass. He gives 
the following: 
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The above samples were thoroughly worked, and afterwards annealed 
before testing. 

Dr, Watson stated that the effect of iron was very marked, and that 
aluminum manganese and tin also had influence in increasing the tenacity 
and elastic limit, although they decreased the elongation. 

It has. been mentioned that when much cold work has to be put. on 
brass, as, for instance, in the manufacture of cartridge cases, seamless 
tubes, etc., the brass has to be frequently annealed. The temperature at 
which this takes place is of great importance. Law quotes some informa- 
tion obtained from Mons. G. Charpy, which shows that when brass of 
70/30 composition has been worked to its maximum condition of strength 
of over 30 tons per square inch, the full effect of annealing is produced by 
a temperature of 600 degrees C., which reduces the strength (cold) to 17.4 
tons per square inch: Annealing below 280 degrees C. has practically no 
effect, at 420 degrees C. there is a marked softening effect, but the maxi- 
mum is reached at the temperature stated above. 

Some information as to the increase of tenacity due to cold work and 
also as to the effect of annealing at different temperatures was given by 
Captain C. Grard, of Paris, in a paper read at the Congress of the Interna- 
tional Association for Testing Materials, held in 1912, at New York. He 
dealt with copper and also with brass containing 90 per cent. copper, 10 - 
per cent. zinc, and brass containing 67 per cent. copper, 33 per cent. 
zinc, the latter being an alloy used for the manufacture of. cart- 
ridge cases by the French War Department. He states that the brasses 
experimented upon were of good quality, very malleable when cold, but 
fragile and short when hot. 

He states that the effect of cold working was the same, whether produced 
statically (drawing and rolling), or dynamically (under a drop hammer), 
and that the effect of cold work was. completely removed by proper an- 
nealing. In making experiments with drastic amounts of cold rolling re- 
course had to be had to successive cold rollings without intermediate re- 
heatings 

To denote the amount of cold work he employs numbers represented by 
as X 100, where S= the original section of the specimen, and s= the 


reduced section after the cold work. Hence, if before annealing the section 
is reduced to one-half the original, the cold-work number would be repre- 
sented by 100. 

The effects of cold working upon the tensile strength, limit, of elasticity 
and elongation are shown in Fig. 1 for the 67/33 brass, and in Fig.:3 for 
the 90/10 brass, and the effects of annealing at different temperatures are 
shown in Figs. 2 and 4. 

It will be seen that with both alloys the effect of: cold working, while 
increasing the strength, décreases the ductility very considerably, so that 
the danger of cracking the metal renders it inadvisable to employ too large 
an amount of cold work without annealing. 

It is well worth noting in Fig. 2 that whether the alloy is ‘eek or. little 
cold worked, the effect of annealing at between 250 degrees C. and 300 de- 
grees C. is to bring it back to one standard condition of softness. 

The shape of the annealing curves in Figs. 2 and 4 show that if the ° 
metal has been rendered too hard by cold rolling it is very difficult to 
adjust the temperature of annealing so as to only partially soften it in 
cases where complete annealing would render the metal too soft. If, 
therefore, only a slight hardness is required for any special purpose, it is 
better to obtain it by adjusting the amount of cold work to give the. neces- 
sary property rather than to attempt to first make it very hard, and then to 
soften it to the required degree. 

Although valuable properties are given to these brass .alloys by cold 
work, such as increase of strength and of elastic limit, it must not be for- 
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gotten that the ductility is much reduced at the same time. When brass 
is subjected to much cold work it is liable to spontaneous fracture. Cases 
are not unknown of condenser tubes spontaneously cracking longitudinally, 
and of cold-rolled brass rods being found split after being stored for some 
time. Such occurrences are sometimes called “season cracking.” The 
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cause is to some extent obscure, but the fact that it occurs shows how un- 
wise it would be to rely upon what may be termed an artificial strength 
produced by cold rolling for articles in which a failure would cause disas- 
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ter. This is sometimes not sufficiently realized by engineers who think 
they are securing a better article by specifying a stringent condition of 


high tensile strength and high elastic limit, which can only be obtained by 
cold rolling. 
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Useful information on the effects of cold work upon metals is given in 
the May lecture of 1914 by Professor E. Heyn, of Berlin, delivered at a 
meeting of the Institute of Metals, in which he shows that internal strains 
are set up by cold working affecting the metal near the surface differently 
to that nearer the center of the piece. He mentions that cold rolling and 
cold hammering produce tension strains in the core of the worked pieces, 
whereas cold drawing has the contrary effect, bringing about tension strains 
on the superficial layers and compression in the core. 

Brass such as has been considered above is mostly used by marine en- 
gineers in connection with condensers, or as bolts and nuts, and is never 
used in details exposed to high temperatures. At high temperatures its 
tenacity becomes considerably lowered. In the Alloys Research Commit- 
tee’s coat already referred to a table is given from which the following is 
extracted: 


TENACITY OF BrAss OF COMPOSITION COPPER 61.2 PER CENT., ZINC 38.8 
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Another alloy of copper and zinc used in marine engineering is known 
by the names of “ spelter,” and also “hard solder.” It is used for brazing 
purposes. (Note—The name “ spelter” is also used to denote ingot zinc, 
but brazing solder is generally termed “spelter” by coppersmiths and 
engineers.) This alloy is composed of copper and zinc, varying from 60 
per cent. copper, 40 per cent. zinc, to about equal proportions of each ac- 
cording to the purpose for which it is to be used; the higher proportion 
of zinc in any solder lowers the temperature at which it melts. During 
fusion in brazing some of the zinc evaporates, leaving the solder on the 
finished article richer in copper than the original alloy. Hard solder is 
always made of a granulated form, which is obtained by casting the alloy 
into flat ingots. These are heated to a high temperature, judged by the 
color, and at this temperature is very brittle. It is then pounded up into 
small pieces in an iron mortar. The broken pieces are sifted out to va- 
rious degrees of fineness, the large pieces, if any, should remain, and then 
be reheated and repounded. 

In making brass alloys it is important to use as pure metals as possible 
for the constituents. It has been stated that iron has a very marked effect 
upon the strength and ductility. Lead is often present in small quantities, 
being generally introduced along with the zinc, as much of the commercial 
zinc contains lead. It is, however, considered to be of great importance 
that the metal should not contain either antimony or arsenic, both of 
which may be introduced along with the copper. There is a workshop 
test known as the muntz-metal test, practiced in order to detect these im- 
purities if their presence is suspected, either in copper or brass. 
weighed portion of the copper or brass to be tested is melted in a small 
crucible, and sufficient pure zinc is added to bring the proportion of copper 
and zinc to 60/40, the composition of muntz metal. The resulting metal is 
poured into an open cast-iron mold, the quantity being sufficient to make a 
flat cake about 1 inch in thickness. This is allowed to cool. When cold it 
is nicked across with a chisel and broken. If the metal is good the frac- 














776 NOTES. 


ture is fine and silky, but if even small traces of arsenic or antimony -are 
present the fracture is different. The skilled workman can in this way 
determine the proportion of either of these pernicious elements with 
almost the same precision as can be obtained in a chemical laboratory. 

We will now consider the bronzes, 1. e., alloys of copper and zinc. © 

Pure bronzes, 7. e., alloys of copper and tin only, are not much used 
by marine engineers, as almost invariably some zinc is added to the alloys, 
which in their various forms are usually misnamed either “brass” or “ gun- 
metal.” These alloys are used as castings, no forging work, either cold or | 
hot, being put upon them. The reasons for their use for many purposes 
are the facility with which they can be cast to the shape required, their 
comparative resistance to corrosive influences, and their strength. 

The alloy known as Admiralty gun-metal is composed of 88 per cent. 
copper, 10 per cent. tin, and 2 per cent. zinc, and this is without any doubt 
a useful alloy. All kinds of boiler mountings, such as gage cocks, feed, 
blow-out and scum valves and chests, and the valves and seats of stop and 
safety valves, requiring a strong and incorrodible metal, are made of this 
alloy. Sometimes where a little harder metal is required to resist wear, 
such as in some valves and valve seats, water-gage cocks, etc., the zinc is 
omitted and pure bronze is employed of a composition of 90 copper and 
10 tin. 

The addition of the zinc serves a very useful purpose in rendering the 
casting sound, besides the influence it has onthe strength of the metal. 
When copper is melted and exposed to the air it rapidly oxidizes, and 
molten copper has the property of dissolving the copper oxide so formed. 
When a bronze is melted both the copper and tin composing it are oxidized. 
The tin oxide is not soluble in the molten metal, but the copper oxide is; 
the tin oxide formed therefore remains on the molten metal as a scum, 
but the copper oxide disappears by going into solution in the molten metal. 
During the solidification of the metal at least part of the oxide becomes 
thrown out of solution and separated, and the result is a multitude of 
minute particles of copper oxide dispersed through the metal, which in 
consequence is more or less porous and unsound. If, however, there is a 
small proportion of zinc present, this metal has a greater affinity for oxygen 
than copper, and the copper oxide becomes reduced to metallic copper, 
giving up its oxygen to form zinc oxide, which, not being soluble in the 
fluid metal, rises to the surface in the scum. A small addition of zinc, 
therefore, permits a sounder casting to be produced. 

A similar result‘may be obtained by the addition of a small proportion of 
phosphorus, which, as is well known, has a very great affinity for oxygen. 
When this is added to a copper-tin alloy the result is termed a “phosphor 
bronze.” The phosphorus is added either in the form of a phosphor- 
copper or phosphor-tin. Phosphor-copper is commercially obtainable in 
two forms, one containing 15 per cent. of phosphorus, the other 10 per cent., 
the latter melting at a lower temperature than the former. 

If the precise proportion of phosphorus necessary to remove the oxygen 
is added to the bronze, the metal remaining is still called “ phosphor- 
bronze,” although it will contain no phosphorus, but its properties are con- 
siderably better than those of a bronze not deoxidized. 

Zinc is often used in the so-called “ gun-metals” employed in marine en- 
gineering in considerably greater proportions than the 2 per cent. specified 
in the Admiralty mixture. It is sometimes said that the greater propor- 
tions are used because zinc is cheaper than either copper or tin.. Lead is 
also often added, but not always with the view of making a cheaper mix- 
ture, as.a reference to Mr. Dewrance’s research, to be presently referred 
to, will show. ‘The addition of lead renders the metal less tough, and 
therefore more easy to machine, and for this reason it ‘is, to say the least, 
fot objected to by the machinist. It is also claimed for certain admixtures 
of lead that they render the metal more suitable for bearing purposes, by 
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reducing the friction under heavy loads, and, especially in America, alloys 
containing considerable. quantities of lead are used. for bearings in heavy 
machinery. 

The microscopic structure of the so-called ‘ ‘ gun-metal” used in marine 
engineering work is peculiar. When ordinary castings are being machined 
with a fairly rough cut the surface is seen-to present a mosaic of ordinary 
yellow and of a rather lighter color. Each portion showing.one color is a 
crystal with different orientation to its neighbors, and the crystals so shown 
are fairly large, their size depending upon the rate at which the casting 
cooled from its’ liquid condition. When a cut surface of the metal is care- 
fully polished and suitably etched and examined under a microscope, it is 
seen that each of the above-mentioned crystals is really composed of a 
number of “ dendrites,” arranged in regular geometrical fashion like the 
divisions of a fern leaf. What happens in the cooling out of the metal is 
that the particles which first solidify are richer in copper than the average 
of the. metal...They arrange themselves in a skeleton form of dendrites. 
Next to solidify are other particles not quite so rich in copper as the pre- 
ceding; these arrange themselves outside those already. formed, and the 
process goes on, the skeleton dendrites becoming more and more clothed 
with metal less and less rich in copper, and the portion of the metal 
which still remains fluid becomes relatively poorer in copper and richer in 
the tin. or tin and zinc, until a point is reached at which it all becomes solid. 
The dendrites thus. formed have been referred to by American metallo- 
graphists as being of “ onion” type, not because the shape is that of onions, 
but because it is formed .of successive layers deposited on one another. 
Suitable etching of sections of the dendrites shows by. the deeper colors of 
the centers that this difference of composition exists. 

Where the copper is not more than about 91 per cent. of the composition 
a cannot. well be worked either by hammer or by roll, either hot or 
cold. 

With greater proportion of copper than 91, especially when the metal 
has been deoxidized by phosphorus, some amount of work can be put upon 
it, and we have made in this way the so-called “ phosphor bronze” rolled 
sheets which are used for air-pump valves, and which are hard and elastic. 
It is also drawn into wire for electrical purposes where high conductivity, 
combined with high strength and resistance to corrosion, are required. 

In view of the peculiar. onion-like, minute structure of gun-metal, it 
may be thought that it will be possible to modify its qualities by such heat 
treatment as will make the constituents diffuse. into one another and be- 
come a homogeneous whole instead of remaining of diverse composition. 
Experiments in this direction were made by Messrs. H, S. Primrose and 
J. S. G. Primrose, and were communicated to the Institute of Metals in 
1913. They experimented on metal cast in ordinary dry-sand molds, and 
also on samples cast in chill.. Their tests included raising the metals to 
different high temperatures, keeping them at these temperatures for differ- 
ent lengths of time, and cooling some by quenching, and allowing others to 
cool out as in ordinary annealing. Their conclusions were: 

1. No improvement results from heating and quenching, which lowers the 
strength of the material. 

2. Simple, annealing of the metals for 30 minutes very considerably in- 
creases its.strength and élongation, the maximum results being obtained 
after annealing at 700 degrees C. 

3. The homogeneity and other. physical properties of the metal are cor- 
respondingly improved, but particularly the capability of the castings to 
withstand hydraulic pressure. | 

In the results quoted in the paper the unannealed dry-sand casting hada 
tensile strength of 17.2 tons per square inch, and an extension of 24 per 
cent., whilst that which had been annealed for 30 minutes at 700 degrees C. 
had a tensile strength of 18 tons, and an extension of 37.5 per cent. With 
the “ chilled” castings the improvement was still greater. 
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It may be stated that the requirements of the Admiralty specification for 
gun-metal are a minimum tensile strength of 14 tons per square inch, and 
extension of at least 7% per cent. in a length of 2 inches. 

Although “ gun-metal” is extensively used for boiler fittings, and there- 
fore exposed to temperatures as high as that of high-pressure steam, very 
little information is available upon the subject of the effect of high tem- 
peratures upon the strength and ductility of the metal. There has, how- 
ever, long been an uneasy suspicion that high temperatures considerably de- 
preciate its qualities. 

Mr. John Dewrance, in a paper communicated to the Institute of Metals, 
gives some valuable information on this subject, which shows that the 
suspicion was well founded. Good Admiralty mixture with a tensile 
strength of over 16 tons per square inch, and extension of 11 per cent. 
when cold, retains its strength up to a temperature of 350 degrees F. (cor- 
responding to a boiler pressure of 120 pounds per square inch). At 375 de- 
grees F. (corresponding to 170 pounds pressure), its strength fell to 13.5 
tons per square inch, whilst at 400 degrees F. (corresponding to 245 pounds 
pressure), its strength fell to 9.2 tons per square inch, and its extension fell 
to 1 per cent. At higher temperature the deterioration was still worse. Mr. 
Dewrance, however, found that the admixture of a little lead to the metal 
considerably improved matters. If the tin and zinc were retained at 10.2 
per cent., respectively, and the copper was reduced by % per cent., and % 
per cent. of lead added, the extension when cold was a little lowered, but 
the tensile strength was not affected. At high temperatures, however, a 
great difference was found. No reduction of strength took place until a 
temperature of 550 degrees F. was exceeded, and the extension was con- 
tinuously improved right up to this temperature. Mr. Dewrance made 
similar experiments with still larger proportions of lead. His conclusions 
were that % per cent. lead gave the best results, but even more than this 
still left the metal better at high temperature than that containing none. 

Attention will now be directed to some of the alloys for which very 
special qualities of strength, etc., are claimed. They are all composed 
mainly of copper and zinc, and all or nearly all contain a proportion of 
iron, some of them contain one or more other components, such as tin, 
aluminum, manganese or nickel. They are mainly proprietary articles, and 
their exact composition and the methods of making them are supposed to 
be AGF secrets, their composition, however, can easily be determined by 
analysis. 

The fact that iron could be added to brass, and that its addition strength- 
ened the alloy has been known for very many years, and such metals 
have long been known under the name of “Sterro metal” and “ Aich’s 
metal.” Law states that these two metals each contain 60 per cent. of cop- 
per, 38 per cent. of zinc, and 1.5 to 2 per cent. of iron, although the compo- 
sition, so far as iron is concerned, varies within wide limits. This varia- 
tion was due to the imperfect methods of introducing the iron. In 1883, 
Mr. Dick took out a patent for manufacturing an iron-brass, which he 
called “ Delta” metal, by introducing the iron in the form of an alloy of 
iron and zinc, which could be obtained of reliable composition; other 
metals, however, were added. Law gives the average composition of Delta 
metal as copper 55 per cent,, zinc 42 per cent., iron 1 to 2 per cent., with 
small quantities of manganese, aluminum, tin, and sometimes also lead. 

Delta metal, like most of these iron-brasses, can be easily cast, and it is 
also capable of being rolled or drawn cold, and of being forged hot. It is 
also often “extruded.” In this process, instead of being hot rolled from a 
billet, finished bars are made by forcing the highly heated metal through 
dies by applying a great pressure by means of an hydraulic press. By 
such means bars of almost any desired cross section may. be made, but it is 
not generally considered that the quality of bar so made is equal to that 
of bars of the same composition made by. the ordinary rolling. process. 
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Extrusion may be applied to most.of the alloys containing from 55 to, say, 
60 per cent. copper. 

“Manganese bronze” is another of the alloys frequently used. It really 
ought not to be called bronze, but might, perhaps, claim to be called man- 
ganese-brass, although the amount of manganese in it is exceedingly small. 
This metal is used for castings, especially for propeller blades, and it is 
also forged when required and rolled into bars from which studs, bolts, 
valve spindles, etc., 'are made. It is made by several firms who all have 
their own ways of introducing the iron, the vital constituent, into it. The 
basis of the iron in the case of this metal is ferro-manganese. 

It has been stated that copper when melted dissolves copper oxide, 
which is an undesirable constituent. The manganese has great affinity 
for oxygen, and hence acts as a deoxydizer. It, therefore, sometimes 
happens that the whole of the manganese added in the ferro-manganese 
leaves the metal as manganese oxide; as, however, the iron remains in the 
metal the desired strengthening quality is preserved. Ferro-manganese 
also contains carbon, which no doubt assists in the deoxydizing progress. 
Some tin is usually added to the manganese bronze used for propeller 
blades, and often some aluminum as well. 

Analysis shows that the iron is not always uniformly distributed through 
a large casting, the difference sometimes ranging to from 1.5 per cent. of 
iron to as much as 4 per cent., even when taken from contiguous parts of 
the casting. When a sample containing much iron is polished for micro- 
scopic examination minute hard spots are seen in it. These are thought by 
Mr. Dewrance and Mr. Arnold Philip, the Admiralty chemist at Ports- 
mouth, to be particles of iron in alloy, due to the iron alloying with the 
tin, and a greater proportion being present than can be kept in solid 
solution. 

Many analyses of manganese bronze have been published, Law gives 
the following: 


Copper. Zine. ‘Tin. Lead.Manganese. Iron. Aluminum. 
Cast). 2320. 57.20 40.14 1.18 0.02 0.03 1.33 0.10 
Rolled ... 62.45 36.00 0.63 0.06 0.02 0.84 


It will be seen how little manganese there is in either of these alloys. 

Law states that nickel is sometimes added to manganese bronze used 
for propellers, in order to prevent erosion. It is, undoubtedly, present in 
one alloy used largely for forging purposes, which, however, is not called 
manganese bronze by its maker. 

The tensile strength and elongation of good rolled manganese bronze is 
about the same as those of ordinary mild steel. Like mild steel when the 
bars are used for studs, the material ought to be annealed in order to re- 
move from it any possible effect of cold working. When bolts are made 
from it by forging, the heating in the process effectually removes this 
particular trouble, but if bolts are machined out from the solid bar, as 
abey sometimes are, then the bars should be annealed, as in the case of 
studs. 

Aluminum brass, or, as it is usually called, aluminum bronze, has some- 
times been used for propellers. This is very similar to the manganese 
bronzes, and like them contains a small quantity of iron. The aluminum 
is added to replace a small part of: the zinc, the copper contents. not being 
much varied. 

Cast_ manganese bronzes of the special types as made by various makers 
can be relied upon to have a tensile strength of from about 30 to 35 tons 
per square inch. They are, therefore, about as strong as cast steel, but 
they do not corrode so much as steel, and can be made with good sur- 
faces. The influence of a smooth surface in improving the efficiency of 
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propellers is now fully appreciated, especially in fast ships, and with high 
speeds of rotation. It need not be mentioned how much greater efficiency 
is claimed by makers. of special propeller bronzes over ordinary iron or 
steel screws. 

When so-called “ bronze” propellers were first used it was found that 
the iron and ships suffered from corrosion in their- vicinity; if by chance 
the paint became injured, this was put down to galvanic action. This led 
to a different composition being used for the propellers. Now, more 
trouble appears to be met with in the corrosion of the propeller itself, and 
in some few cases very serious deterioration has occurred, especially in 
quick-running propellers, such as are used with turbine engines, To meet 
this makers have in some cases again changed the mixtures, and ‘ “bronzes” 
are made which are claimed to be non-corrodible. 

For yachts and small craft, which are built of wood and are copper 
sheathed, and in which iron or steel shafts are peculiarly liable to corro- 
sion, forged “bronze” shafts of different sorts have been used, but it can- 
not be said with marked success, as all of the forgable bronzes are copper- 
zinc alloys, and all seem to be peculiarly liable to a form of deterioration 
to which the term “ dezincification” has been applied. Copper-tin alloys 
would probably be more durable, but they do not possess the strength of 
the copper-zinc alloys. It is with the view of preventing, or, at least, re- 
tarding this dezincification that the Admiralty. require at least 1 per cent. 
of tin to be added to condenser-tube metal, and to ‘all brass exposed to 
the action of sea water. The question.of the best metal for making 
screw shafts for wood vessels will soon be raised in view of the decision 
to build a large number of wood steamers in America. 


DISCUSSION. 


Sir Gerard Muntz, in a communication, said that the reason for the 
cracking or splitting of brass rods in store, which the author said was 
rather obscure, was not obscure to him. It was due primarily to irregu- 
larity of the mixture. Metal containing 1 per cent. of tin should in no 
case contain more than 59% per cent. of copper. If it contained 60 per 
cent. of copper it should not contain more than % per cent. of tin, other- 
wise it passed from the alpha-beta phase to the alpha-beta-delta phase, 
which had a brittle constituent, hard and liable to cause disruption in the 
metal. The amount of work in brass rods in rolling or drawing was also 
a considerable element in the matter. If too much work was put on with 
the outside surface in a state of tension’ and the inside in a state of com- 
pression; it was easy to understand how the surface of the rods could be so 
compressed that the strain on the interior might nearly reach 23 tons, and 
a slight reduction in temperature and consequent contraction carried the 
strain past the breaking point and the rod would at once fly. 

Mr. W. G. Brown said the longitudinal splitting of condenser tubes 
was a common occurrence and happened when the tubes were lying in a 
rack. He hardly thought the split*in-the tube shown by the author had 
elongated itself out of a small speck. He had never before seen'a case of 
brass rods splitting like that shown by the author, and he did not’ think 
Sir Gerard Muntz’s explanation was a really satisfactory one. He had 
seen tubes crack longitudinally and often crosswise in forging. With re- 
gard to the metal bolts that had beeri shown by the author, it was quite 
common for them to go in the supposed strongest place, not in the threads, 
but generally under the heads or in the body. 

Mr. Milton said that Mr. Brown’s statement as to tubes splitting in store 
was in direct opposition to Sir Gerard Muntz’s statement. The latter 
said that 1 per cent. was too much tin if there was 60 per cent. of copper, 
but that amount of tin’was in all navy condenser tubes, and i in the navy 
split condenser tubes were very rare. 
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Mr. Brown said the tubes he had referred to were the: common variety— 
— and no tin. Therefore the presence of tin was not the cause of the 
splitting. 

Mr. R, Balfour said the importance of paying attention to the brass bolts 
used for sea connections could not be too much emphasized. He thought 
mild steel might be substituted and did not understand why the use of 
yellow metal for this purpose was continued. Sometimes sea connections 
were covered with granite mixed with cement, but this formed cavities 
atid would not adhere. Compared with olden times, sea connections were 
now very accessible, and they should be thoroughly exposed in order to 
facilitate examination of the bolts. 

Mr. F. O. Beckett said that “Sterro” metal was first introduced in 
Vienna a few years ago by Baron de Rosthorn. It was of copper-zinc 
tin.: The ultimate tenacity varied from $3,000 to 85,000 pounds per square 
inch, or an average of 80,480 pounds per square inch. It required a 
strain of 30,000 pounds to produce a permanent elongation of 0.002 inch, 
whilst the ultimate elongation with the average strain mentioned was 
0.0675 inch per inch of length, whereas bronze, which began to yield at 
15,000 pounds, and was fractured at 33,000 pounds ‘per square inch, showed 
an ultimate elongation of 0.290 inch per inch of length. With a mixture 
of copper, 57.63; spelter, 40.22; iron, 1.86, and tin, 0.15, the breaking strain 
was 28 tons after simple fusion, 32 tons average red hot, and 37 tons 
drawn cold and reduced from 100 to 77 transverse central area. With a 
mixture of copper, 60; zinc, 34; iron, 4, and tin, 2, the breaking strain was 
31.61 tons to 32.52 tons when cast in an iron mold and forged red hot, 
whilst with a mixture of copper, 60; zinc, 35; iron, 3, and tin, 2, the 
breaking: strain was 38 tons with the same treatment: He did not recom- 
mend making stays for boilers of bronze, as he had had a very sad ex- 
perience with locomotives due to the perishing of fire-box tubes a few 
years ago. Castings of Delta metal, which was a high-class bronze some- 
what similar to manganese bronze, ‘but rather harder and‘of a higher ten- 
sile strength, had an ultimate strength of 34 'tons and resisted torsion bet- 
ter than bronzes, which were disappointing in this respect. 

Mr. A. E. Sharp said such a paper’ had’ been wanted: for some time. 
They had been calling all sorts of things bronze. In connection with the 
season ctacking, he had had two or three experiences recently in con- 
nection with the re-tipping of propeller blades. They were all right when 
put on the ship and stowed with a strap across them, but after a time— 
perhaps a month—the chief engineer reported that they had decided cracks 
in them where they had been re-tipped. The re-tipping was done in the 
usual way by burning the pieces on. One peculiarity was that the cracking 
got worse. It began in a very small way. When the ship came back he 
thought it might have been an imperfect job, but the blades had been care- 
fully examined like all the other blades, and re-tipping was not a new 
thing, and he could not account for the trouble commencing recently. It 
seemed to bear out the expression of opinion in the paper that there 
was something in connection with those metals that they had not got to 
the bottom of yet. He had also two or three experiences of ‘corrosion 
of copper pipes. It was evident the builder must have had some method 
of fixing up the pipe different from other builders. He had had experience 
some years ago of condenser tubes developing very small holes, and the. 
manager of a copper works to whom he submitted them found the: holes 
were due to small particles of iron in the tubes. ‘One could quite under- 
stand after reading Mr. Milton’s paper that it was quite possible for small 
particles of iron to be present, and of course it was immediately attacked 
by the salt water. He had three or four of the manganese bronzes by 
different makers analyzed and was woefully disappointed. In some there 
did not appear to be a trace of manganese. - 
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Mr. Wesley Lambert. (representing J. Stone & Co.) said the reference 
to propellers prompted him to come forward. With regard to correct 
nomenclature of alloys, he thought that Mr. Milton was one of the gentle- 
men in a position to enforce that sort of thing, as he was in an official 
position. Stone & Co. had an enormous number of specifications from the 
various naval departments, the Board of Trade, and Agents for the Colo- 
nies, and they all had their own specifications. The Engineering Standards 
Committee, the Alloys Research Committee, and such institutions as the 
Mechanical Engineers, Civil Engineers and Institute of Marine Engineers, 
and other institutions, were almost in a position to enforce correct nomen- 
clature for alloys, and he would be pleased to see that sort of thing come 
along. In the letter from a French engineer quoted in the paper, numbers 
were employed to denote the amount of cold work. He presumed that 
the section spoken of was the cross-sectional area. Many years ago Sir 
Joseph Whitworth introduced the unit of work which he described as 
being that amount of work which would reduce the cross-sectional area 
by a half, or in other words double the length. He was sorry that that had 
not been really carried out He was doubtful whether any engineer could 
give a definition of a unit of work so far as a forging was concerned. 
There was. nothing to describe the amount of work which should be put 
on a bloom or a billet to produce a certain forging, and he had never seen 
a specification of an engineering firm in which they described the original 
size of the billet from which the forging was to be made. Government 
specifications for ordnance work had included that there should be so 
many units of work put on the material. That was one:of the only cases 
in which he had seen an attempt to describe a unit of work or give any 
expression of the amount of work. 

Mr. Milton said the Engineering Standards Specifications of fneging for 
shipping purposes described it. It said the amount by which the forging 
must be reduced from the billet must not be more than one-fifth—it was 
a reduction of one-fifth of the body in the forging. 

Mr. Lambert said he thought engineers had been remiss in not stating 
the amount of work that should be put on. He took it that the round 
brass bar 2% inches in diameter referred to by Mr. Milton, and specified 
to have certain tests (30/20), was not a cast bar. He did not know 
whether it was rolled or extruded or whether it had been through the 
drawbench. They only knew it was there and it was not apparently a good 
specimen of a brass bar. He would like to know the history of it; then he 
might offer some suggestions. He was not altogether wedded to the idea 
of season cracking. It was not an unusual thing for a billet of steel of 
large dimensions (even 30 inches in diameter) to fracture, and not due to 
cold work because none was done on it. The mere effect of the variations 
in the temperature appeared to cause internal stresses to reveal themselves 
and the thing had broken in two. Gun tubes, fortunately, very rarely split 
in the same manner as condenser tubes had done. Mr. Milton said: 
“When so-called bronze propellers were first used it was found that the 
iron of the ships suffered from corrosion.” He thought Mr. Milton 
meant erosion. The paper described a method of extruding billet metal, 
and stated that. “In this process, instead of being hot rolled from a billet, 
finished bars are made by forcing the highly heated metal through dies 
by applying a great pressure by means of a hydraulic press, By such 
means bars of almost any desired cross-section may be made, but it is not 
generally considered that the quality of bar so made is equal to that of 
bars of the same composition made by the ordinary rolling process.” Per- 
haps there was a good reason for the assumption, but there were hundreds 
and hundreds of tons of extruded rods being used and accepted by the 
government without demur. Mr. Milton said he had not had an oppor- 
tunity to discuss or enlarge upon the point of failure of billets said to have 
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been made from. the extrusion process, but he (Mr. Lambert) thought in 
one or two of these instances there was a certain amount of heat work 
put. on after the material was made,'and in’ the ordinaty smith’s shops 
great damage could be done ‘to the material. and sometimes failures re- 
sulted from the ignorance of the: smith rather ‘than faulty metal initially. 
The basis of the iron in the case of manganese bronze was ferro-mangan- 
ese. In the majority of analyses the iton was there ina much larger pro- 
portion than the manganese. So-called pure manganese contained about 80 
per cent. of manganese and’a considérable amount ‘of carbon. Iron must 
be added°in addition to that carried by the ferro-manganese. A speaker 
was disappointed at the small quantity of manganese he found in man- 
ganese bronze. It could be ‘mnanganese bronze without much: manganese 
being in: it, just as a phosphor’bronze ‘could be a phosphor bronze without 
any phosphor in it. As Mr. Milton admitted, it could be called phosphor 
bronze because phosphor had been used as the cleansing agent. There 
were recognized brands of manganese bronze‘on ‘the market which were 
very constant in their content of manganese, considerably more than that 
shown in the analyses in the paper. He'agreed that bolts machined out of 
the solid bar should in some instances be’ afinéaled. Metals had certain 
internal stresses, and in machining these, especially where there were dif- 
ferent cross-sectional areas for different parts, it was necessary to anneal 
them. The Admiralty practice! to a large extent was to burn on gun-metal 
tips to rhanganese bronze propellers. If manganese bronze blades cracked 
which were in the beta condition it was obviously wrong ‘to burn on a tip 
of an alpha-beta character, because the physical properties of the two 
metals were quite different. When burning on a tip the blade should be 
heated uniformly in the neighborhood where the burn was to take place, 
and subsequently, after the burn had been made, heating should’ again be 
done uniformly so as to relféve all the unequal stresses which would be 
likely to be set up.’ Mr Sharp was fortunate in being immune from the 
trouble so long. Other ‘shipowners’ had experienced it over’ a long’ period. 
Mr. Sharp’s mention that the blade was out of pitch after the burning was 
performed pointed to the conclusion that it was not properly performed. 

Mr. Milton said erosion meant wearing away by rubbing. In the case 
of the propellers, he thought there must be corrosion and that the corroded 
portion got rubbed off. In the’ case of erosion of guns there was a great 
temperature as well as the rushing past of the projectile. That was dif- 
ferent from the erosion of propeller blades, which were pitted. It must 
in the latter case have been oxidation or ‘something of that kind. That 
which was rubbed off was métal that was corroded. It was oxidized or 
combined with something. He thought the roughness produced a ‘partial 
vacuuin in the water so that the oxygen in the water came out in ‘solution 
as gaseous oxygen and that that was the cause of the corrosion. 

Mr. B. P. Fielden said he would be glad if the author could give any 
advice as to getting over the trouble of corrosion of condenser tubes. 

Mr. Milton said he hoped a paper would be brought forward on that 
subject. The Institute of Metals and the Corrosion Research Committee 
had made three voluminous reports, but the subject was still under investi- 
gation. Experimental work was also being done both at the college and 
the Imperial Institute, and at Brighton. The subject was a very serious 
one. In the Royal Navy they seemed to have got over ‘the trouble’ in the 
last two or three years. Probably they would communicate their expe- 
rience in due time to the Institute of Metals. In his time they had their 
tubes thade of the 70/29/1 composition; and were careful not to get im- 
purities in the tubes, and they were always careful to get a'certain amount 
of pinch or draw in the tube to make it stiff to stand the packing —“ Ship- 
building! and Shipping Record.” 
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COBALTCROM, THE NEW STEEL ALLOY. 


Widespread interest has been aroused by the announcement on behalf of 
Messrs. Darwin and Milner, of Sheffield, of the discovery of a tool steel 
stated to be equal in durability and hardness to high-speed steel, yet of 
which tungsten is not a component. “Cobaltcrom,” as the new steel is 
called, is the outcome of much experiment and labor, extending over many 
years, on the part of the head of the firm of Darwin and Milner, He had 
long been experimenting in the direction of finding a steel which could be 
made without tungsten, but would possess the necessary hardness of the 
so-called “high-speed” steels. About twelve months ago he discovered 
that by adding cobalt to chromium-carbon. steel he converted, a steel. which 
had no appreciable red-cutting hardness into one which had this very val- 
uable qualification. 

It is a fairly well known fact that while tungsten high-speed. steel has 
for some years past been extensively used for turning, planing and slotting 
tools, it has not been used so largely for milling cutters, taps, reamers, etc. 
It is estimated by Messrs, Darwin and Milner that of all the milling cut- 
ters, etc., used in the engineering world, at least 90 per cent. are still being 
manufactured from carbon steel, whereas, on the other hand, the reverse 
is the case with turning tools, nine-tenths of which are made from tungsten 
high-speed steel. In the opinion of the firm the reason that high-speed 
steel has not been applied largely for milling cutters, taps, etc., lies in the 
difficulty which the toolmaker experiences in hardening such tools having 
fine edges at the high heat required to secure from tungsten high-speed 
steel its best cutting efficiency. ‘Tungsten high-speed steel requires hard- 
ening at from 1,250 degrees to 1,350 degrees C. if the best results are de- 
sired. To try and obtain this heat for milling cutters is very risky, and to 

" harden at a lower heat gives less. satisfactory results. 

When the war broke out Sheffield firms received instructions that they 
must make milling cutters. and taps from the very best high-speed steel, 
but there was endless trouble through the hardening process alone, with 
the result that carbon steel was soon substituted. Now it has been found 
that the maximum heat necessary for the hardening of the. new steel is 
only 1,000 degrees C. As a matter of fact, if this heat is exceeded the 
tools give adverse results. This temperature allows of the manufacture of 
fine-edge tools of a perfectly satisfactory character. with the red-cutting 
hardness of the tungsten high-speed steel. Hardening in practically all 
applications is stated to be satisfactory when the tool is allowed to cool 
naturally in still air free from draughts and currents, whereas with the 
tungsten high-speed steel, hardening from the extreme high heat renders it 
necessary to quench either with a strong air blast or a sudden immersion in 
liquid. Messrs. Darwin and Milner. state that with the new steel it is 
possible to get absolutely the same standard of hardness throughout. 

Samples of the steel have been tested in a large number of important 
works throughout the country, and have shown that the cobaltcrom is 
specially suitable for milling cutters, twist drills, reamers, taps, automatic 
forming tools, screw cutting, finishing tools generally, for machining gun- 
metal and yellow metals, as well as for high-endurance drawing and 
blanking dies, lathe centers, shear blades, aeroplane and automobile com- 
bustion-engine valves, and every description of gages and imstruments 
which have to resist abrasion. A test has been made showing that with a 
carbon, steel blade saws can cut for half a day, with a tungsten high-speed 

steel blade for two days, but with the new steel four days without. the 
need of grinding...We are informed also that particulars have come to 
hand of tests made in America between the new steel. and the Becker 
iridium-cobalt-tungsten high-speed steel, these proving, the tungstenless 
steel to be the equal of the famous American product. 
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Messrs: Darwin and Milner have applied for patent rights the world 
over, including, by permission of the Patent, Office authorities, Germany 
and Austria. A point which should not be overlooked is that the cutting 
efficiency of the new steel is quite equal, even in the form of castings, to 
that of tools made from the forged or rolled bar in which high-speed 
steel is supplied commercially, and as the material in the molten state is 
much more liquid than high-speed steel, it lends. itself to all forms of tool- 
form castings. We are informed that the makers are preparing to. put 
into operation an organization to ply orders for milling .cutter. blanks 
in this new steel within 48 hours, fu 5 this should be of great assistance to 
engineering concerns in times like the present“ Engineering.” 





CONDENSER TUBE CORROSION 
By WitramM Ramsay, F.I.C. 


In the engineering profession the cause and prevention of condenser- 
tube corrosion is one of the most burning questions of the day. Large 
sums of money have been devoted publicly and privately to investigate the 
difficulty, but so far little, if anything, has been accomplished to the end in 
view. 

The work of the Corrosion Committee of the Institute of Metals was 
looked forward to with great expectation, but it is to be regretted that the 
results published in the various reports are, so far as they go, of academic 
interest rather than of practical engineering value. While throwing some 
light on the mechanics of brass corrosion in general, from an engineering 
standpoint they only indicate, with close agreement to practice, the order 
of durability of tubes made from the various alloys in general use. Had 
the work taken a different course, one cannot but think that something 
of more immediate value to engineers might have been forthcoming. 

Retubing a condenser is always a costly business, even after the tubes 
have done good service for what may be regarded as the natural period 
of their life, not uncommonly ten, fifteen or even twenty years; but un- 
fortunately one is frequently. faced with cases where they have broken 
down after a comparatively short period of use, often only a few weeks or 
months, .This is a much more serious matter, and it is in just such cases 
as these where the Corrosion Committee has failed us. Again, ‘unfortu- 
nately, this type of defect has been increasingly familiar during the past 
ten or fifteen years, a fact which has given rise to the opinion that the 
extra purity of the metals now employed is responsible for the trouble. 
But, on looking up analyses of condenser tubes over a period of twenty 
years, I find that there is no justification for such a suggestion. The 
alloys now used are, so far as purity is concerned, probably no better or 
worse than the older material. 

Having been interested in this question for many years, and being ex- 
ceptionally well situated for the study of the subject, it has been sug- 
gested that an account of my observations and some experimental results 
might add to the not very large total of our knowledge of this elusive 
problem. 

When a breakdown occurs it is usual to hand a. piece of the defective 
tube to the chemist for analysis and explanation. The analysis is a simple 
matter, but since the corroded metal has disappeared and the tube adjacent 
to the corroded parts is, as a rule, normal, the explanation is more difficult. 
Again, analysis of the corrosion product leads to no conclusive result; it 
generally contains the metals of the alloy as basic chlorides, carbonates, 
oxides or even sulphates, together with adventitious matter such as oxide 
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of iron and organic matter; and as much of this product is washed away 
in both the soluble and insoluble form, an examination of the residue very 
seldom points to anything useful. . 

From time to time I made a number of experiments in order to throw 
some light on the cause of corrosion; many were abortive, and in some 
cases the true significance of the results was not always immediately ap- 
parent, or was even contrary to what was expected. 

The chief difficulty of experiments’ of this nature lies in the impossibility 
of ‘reproducing actual working conditions. Simple immersion tests may 
afford information on certain’ points, but can rarely indicate the cause of 
failure. This also applies to model condenser arrangements, in which the 
same water is circulated many thousands of times. Such water may lose 
its corrosive properties, or, on the’other hand, it is conceivable that it 
may even become more corrosive with continued use, so that results ob- 
tained by these methods’ must be accepted with certain reservations. One 
of my first experiments was with a condenser tube smaller than, but 
similar to, that used by- the Corrosion Committee in their work, but after 
a few months this, was abandoned, as it did not lead to conclusive results, 
and. I do not propose to refer further to it. Other experiments will be. 
mentioned in their proper sequence. 

The nature of brass corrosion is, at the present moinent, fairly well 
understood, and may shortly be described as being mainly, if not entirely, 
electrolytic in character. -It. is not my purpose to go into the micro- 
metallurgy of the various alloys used in the manufacture of tubes; it is 
sufficient to say that the commercial brasses.are not homogeneous bodies, 
but are a kind of conglomerate, the various constituents of which have 
different solution pressures or electrolytic potentials. Even the 70-30 brass, 
which should theoretically have only one constituent, is not entirely homo- 
geneous, but shows decided traces of. different material at the junctions 
of the crystals; but even assuming that it is homogeneous, as will be 
shown latér..on, it soon acquires a conditon which renders it “ autocorro- 
sive”; by. this term I mean that brass possesses within itself, or can acquire, 
the positive and negative elements necessary to form a galvanic couple, 
which, in sea water, results in corrosion. 

Corrosion of a condenser tube may be said to commence from the mo- 
ment it is put into use, and the extent to which it proceeds depends upon 
such factors as composition, time, temperature, water, and so on. The 
influence of these factors has been very ably investigated by Dr. Bengough 
and his co-workers, and published in their reports. I do not think that 
different sea waters can have a varying influence on the rate of corrosion, 
bat estuary waters, containing sewage, sand, etc., certainly have such an 
effect. - 

The effect of corrosion in condenser tubes is varied. Copper and zinc 
may be removed uniformly from the surface, so that the walls become 
thinner and preserve the yellow color of the brass, or, what is more com- 
monly the case, zinc is dissolved out, leaving the copper or a copper-rich 
material as a coherent film, the original. dimensions of the tube being 
nearly preserved. This action has been labeled with the rather cumber- 
some name of “ dezincification,” a term which has led to the idea that the 
solution of the zinc is chemical rather than electrolytic, but it is purely 
electrolytic. In the case of the 60-40 tubes the action takes place between 
the alpha and the beta constituents and may proceed to completion, the 
tube retaining its original dimensions-and, to the naked eye, presenting the 
appearance of a solid copper tube. On microscopical examination, how- 


ever, it is seen to consist of coppery material preserving the form of the 
alpha constituent, the space previously occupied by the beta being more or 
less filled: by corrosion. product, or possibly quite empty. I have in my 
possession a piece of 60-40 tube which has undergone this complete de- 
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zincification; the information which accompanied it was to the effect that 
it broke into short pieces when drawn from. the condenser, and was, so 
soft that it could be distorted between the finger and thumb, but on drying 
it became quite hard again. Apparently it was only held together by the 
interlocking skeleton of the alpha brass. 

With. 70-30 tubes and Admiralty alloy the action. is, probably somewhat 
different. Sle to,..some slight, inequality in the composition—or,, pos- 
sibly,.to a thin film of copper oxidé, from which, the tubes are rarely -free, 
and which in contact with salt water is reduced: to copper—the equilib- 
rium of the brass becomes upset, and.a more or less continuous film of 
copper results; electrolysis then takes place between the copper.and the 
underlying or adjacent brass, resulting in a gradual concentration of 
copper. With these tubes dezincification is asa rule superficial, the more 
compact nature of the residual copper. sealing off the. metal underneath 
from further action.. That the Admiralty alloy and the newer lead brass 
are more resistant is probably due to the more insoluble corrosion product 
being impacted in the porous copper residue. 

But dezincification is. not the simple process outlined above.. If some of 
the copper. goes into. solution—and there is ample evidence that it does—it 
may. be redeposited as metallic.copper on the brass, an equivalent amount 
of zinc going into solution. I have proved that cuprous and cupric 
chlorides, oxide of,.copper, and, in fact, most..copper- compounds, are 
capable of depositing metallic copper on brass. Less: easily understood is 
the action of basic chloride of zinc... On painting tubes. with this body 
and immersing them in warm sea water a distinct coppery stain results 
after sometime. . Dezincification may, therefore, be regarded.as a normal 
process,.,which, so long as it remains superficial, as in the case of. the 
70-30 brass,.may even.be protective, 

But there .is something more. to be said about.dezincification,, If.a-por- 
tion, of, the.coppery film be removed so.as. to expose ithe brass, it does) not 
immediately. become. recoated with copper:; A. tube, which had. been de- 
zinced to a depth of;,less. than .1/500 inch .was .taken, and a small. patch 
about %4 inch. square removed. with fine emery paper without appreciably 
altering the thickness of the tube...On.i immersing it in sea water kept warm 
the brass rapidly .corroded; at, this point,,until. in about;a month it was, 
about. 1/32: inch deep ; copper. then. gradually, encroached on the. ‘hare brass 
and stopped the action.,, I .will.refer to this later on. 

One of the commonest and. perhaps the most serious forms of corrosion 
is that which leaves 'the.tube scored with more or less continuous .and 
parallel lines, involving the whole or any part of the interior of the tube, 
often to such an extent, that.it has a fluted or’ reed-like appearance; 
finally, perforation occurs, or the tube splits-along. one: of: the’ lines. of 
corrosion. This type. of breakdown is most -certainly:,due} to a defect. in 
the manufacture of the tubes. Castings made with a-sand core:are very 
liable to have. spills, which..may extend-to.a:-considerable. depth in ‘the 
metal, and which on boring out remain undetected. On drawing into. tubes 
these spills become elongated into what are known. as laminations, which 
may often be traced for a number. of feet, in some cases almost through 
the thickness of the tube. Laminations. are comparatively rare on the 
outside of tubes, since they are more readily detected there; and if present 
in the casting, it can be turned down ‘until solid metal’is reached. On 
sawing a laminated tube lengthwise the: defects: appear >as::shown: ‘in ' the 
photograph (Fig:'1),.and might-easily be: mistaken for a:mere discolora- 
tion of the metal. On flattening the tube, however, they open up, showing 
their true character: Fig: 2 is a photograph of sucha: flattened tube. 
These defects: may occur as ‘mere surface folds, or may ‘penetrate the 
wall of the tube to any extent. On opening: them up they are seen to be 
coated with oxide’ of copper, which, ‘on immersing ‘in’ sea’ water,’ is ‘grad- 
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ually reduced to the metallic state; and this is probably the initial stage of 
electrolytic corrosion. Sooner or later the corroded lamination breaks 
away, exposing fresh lines of yellow brass, and the action is concen- 
trated at these places (see Fig. 7.) The following experiment was carried 
out in order to test the truth of the above. An Admiralty tube which 
showed indications of a lamination was immersed in estuary water, which 
was changed almost every day over a period of more than two years, the 
containing flask being kept’ at a temperature of about 110 degrees to 150 
degrees F. by méans of an electric heater. After a few weeks the tube 
was completely coppered, and the suspected lamination showed unmistak- 
able signs of opening out. In about six months it had corroded away to 
a measurable extent, and several other lines or laminations, which had not 
been suspected, showed themselves. The tube at present is scored with 
several lines exactly like the initial stage of the type of corrosion in 
question. Throughout the test it was noticed that bubbles of gas (air or 
CO:, or both) adhered tenaciously to the laminations and the sharp edges 
of the tube, in fact, these places appeared to act as nuclei for the gases to 
separate from the water, the bubbles actually forming there and not ad- 
hering by accidental contact. Under such a test the rate of corrosion was, 
of course, very slow, and had it been under actual working condenser 
conditions the total effect would probably have been exceeded in a few 
weeks. During the corrosion the lamination presented a varying appear- 
ance, at one time showing black lines, which would clear up to yellow 
brass or film over with copper through which minute specks of brass were 
visible, but at all times the action was greatest at the laminations and 
edges: It was this tube (Fig. 3) from which the copper patch was re- 
moved to which I have previously referred. It is claimed for tubes made 
from solid castings in which the bore is either drilled or is pierced by 
hydraulic pressure that laminations do not occur, and that they are not 
liable to corrosion. The latter part of the claim is possibly too sweeping, 
but it is reasonable to expect that they will at least be free from reeding. 
I have no personal. experience ‘with these tubes, but I am informed that 
they go a long way towards solving this particular’ difficulty. 

Another manufacturing defect’ is responsible for the occurrence of 
isolated holes in what may otherwise be perfect tubes. In the drawing 
process small angular’ fragments of metal’ are sometimes curled up and 
nearly detached from the tube, ‘and in subsequent passes are either’ pressed 
back into their original position or! are-completely broken away, leaving a 
hole. These defects are usually small, but may’ be relatively deep, and per- 
foration rapidly occurs at such spots when the tube is put into use. 

Many new tubes which I have examined have ‘shown mintite holes or 
pores filled’ witha black material and surrounded with a copper-colored 
zone; it would almost appear as if corrosion had already started, and I 
cannot but think that these points will prove active corrosive centers. 

Another kind of: corrosion which one occasionally comes across, and 
which is not to be confounded with the last type, also makes itself manifest 
as isolated holes or patches. In the present case the holes always lie 
along the bottom of the tube and never on the sides or top. The fact 
that certain spots only are attacked suggests what is known as local action, 
since, if the tube is uniform in composition, there is no reason why the 
corrosion should’ select any particular spot; but analysis of the metal 
underlying the defects never revealed any notable difference from the 
normal alloy ‘sufficient: to. account for such action. Another possibility 
was that some: foreign: body which could form a galvanic couple with 
the brass had gained access to:the tube and set up corrosion. This hypoth- 
esis was strengthened by the discovery of iron in the insides of tubes 
which had broken down after a very short run of work. On opening up 
the tubes it was found that the whole of the interiors were coated with a 
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thick, even deposit of ferric hydrate, which at certain spots along the 
bottom was perceptibly thicker; and under each of these spots small frag- 
ments of iron or magnetic oxide were found, each fragment being in the 
center of a corroded pit. It is important to note that in every case it was 
the bottom of the tube which was affected: :This experience reealls a set of 
experiments»which I carried out some twelve years ago, the results of 
which seemed at variance to theory. ¢ 

1.:A clean, bright Admiralty tube was fitted up in the well-known form 
of a Liebig’s condenser, the outer jacket, through which salt water circu- 
lated, being of glass, so that the action, if any, could be observed. About 
the middle of the tube a patch of zinc was electro-deposited, the idea being 
that it would preserve the tube from corrosion: Steam and circulating 
water were maintained at such a rate that the steam was completely 
condensed and the circulating water raised about 10 degrees C. After 
about 60 hours’ intermittent run the zinc became almost black and then 
gradually turned reddish brown, at the same time the tube lost its bright- 
ness and showed signs of etching near the zinc. On removing for ex- 
amination it was found that the zinc had quite disappeared, and its place 
taken by spongy copper, at the same time the brass in the immediate 
neighborhood was superficially corroded to a slight extent. It was clear 
that copper had gone into solution and had been reprecipitated on the 
zinc, and so far from protecting the brass from corrosion, it had actually 
initiated it, or apparently so. 

2. A similar tube had the point of a steel needle driven into it, and then 
broken off flush with the tube. This was fitted into the same condenser 
arrangement and the water and steam conditions kept as before. After 
about 90 hours’ run chlorine was’ found in the condensed: water, and on 
inspection it was found that the needle point had disappeared, and the 
hole, which was surrounded by a copper-colored zone, was now large 
enough to pass the thicker shank of the needle. 

3. A helical coil of steel wire was sprung on to another tube and sub- 
mitted to the’same action. After about 120 hours’ run: it was: removed: for 
examination. A distinct print of! copper was found marking the position 
of the. coil, which also showed traces: of copper where it was in contact 
with the: tube. 

4..In' a-similar test pieces of clean gas carbon were wedged into the 
water space: so as to be in contact with the tube. Within 16 hours. the 
points of contact were surrounded by a coppered area; and in about three 
days the brass was measurably corroded at these points. The same: ex- 
periment carried out. with common coke ‘gave similar results, but possibly 
took a longer time. 

5. A spot. of lead: was fluxed on to a tube and filed nearly flush. The 
whole was thoroughly cleaned and anchored in a pool in the Mersey, near 
low-water mark, and observations made frequently. A green film grad- 
ually formed round’ the lead, and eventually spread over the whole tube. 
After a period of about three months the:tube was corroded to a meas- 
urable extent just at the junction of the lead and brass; but before an- 
other observation could be made the tube disappeared. 

It is rather remarkable that metals such as iron; zinc and lead, which 
are electro + to brass, should behave in this manner. The action is prob- 
ably a secondary effect due to copper being redeposited on the foreign 
metal; _ In this connection it is noteworthy that magnetic oxidé of iron, 
of metallic iron coated with this oxide;:is:sometimes electro + with ref- 
erence to brass and at-other times electro —. The reason for this erratic 
behavior is yet to be discovered. A form of corrosion of which I have 
‘definitely traced the cause is that which attacks the inlet ends for a few 
inches immediately. beyond the tube plate. Here the cold circulating water, 
on becoming warm, deposits its: dissolved gases; the part in the tube plate 
being kept:cool, escapes this particular action; butjust: beyond this bubbles 
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of CO: and air adhere to the tube, causing round each a ring of corrosion 
which eventually takes the form ofa horseshoe, the open ends of which 
point'in the direction of the water flow. This type of defect is most cer- 
tainly due to the main condenser being used in harbor for the auxiliary 
machinery, when the smaller volume of steam does not necessitate the full- 
power circulation,..and. the, friction of the water is insufficient to: sweep 
away the deposited gases. When an auxiliary condenser is ‘used for port 
service this defect is obviated; Several rivers and harbors, and canals 
especially, have an evil reputation in this respect, all being more or: less 
foul with sewage, while those with a good tidal scour are less objection- 
able. The accelerating effect of sewage, CO2, and ammonia is well known. 

Fig, 4 is a photograph. of an opened-out tube which has suffered from 
this type of corrosion. It will be noticed that although the part in the 
tube plate is corroded ‘it -has escaped the typical horseshoe action. |The 
vessel from which this tube was taken was known to berth in a very dirty 
harbor. Dezincification is general all over the tube, and in the middle of 
each: horseshoe, but where the corrosion is severe the brass remains yel- 
eae This seems to point to electrolysis between the separated copper and 
the brass. 

There is another type of corrosion which affects the ends of the tubes 
and which may be found in any part of the condensers, and may occur 
singly or in groups. The extreme ends of the tubes are eaten 
away in the ferrules, which also may be involved; and in this case 
a: curious accommodation between tube and _ ferrule ::often . takes 
place, the more corroded part of the one fitting into the less ‘affected part 
of the other, almost as if tne action ceased when the pressure between the 
two had been relieved: This is most: probably the case, ‘since in ‘cases of 
this type I- have almost always observed that the tubes had been crushed or 
distorted by the ferrule. Physical condition as a factor in: brassicorrosion 
is fairly well established, and this seems a case which meets this theory. 
A condenser is generally tubed: by several: men, each taking a certain sec- 
tion*or group of tubes, and it is not unlikely that one»worker: may have 
exerted such force as to bruise his tubes. This probably explains why 
such corroded ends generally occur in groups. ‘So far as: my experience 
goes the defect does not recur on the tubes being replaced. Fig. '5 is a 
typical case in: which both the crushing and the corrosion can: be observed. 

Sometime ago my attention was directed to a case of breakdown in a 
number of tubes of the non-drip type. These tubes have a: longitudinal 
furrow:running along the top, except at the ends where they enter the tube 
plate. The section is approximately shown in: Fig. 6.):: All the tubes were 
badly corroded and holed in the position shown in black. As the metal 
must have been severely strained in the process of grooving and the cor- 
rosion was entirely confined to this locality, this would seem a definite 
case of corrosion due to difference of physical condition. Had the tubes 
been annealed ‘after finishing it is improbable that’ this: particular defect 
would have appeared: » The ‘great: difficulty to:a proper understanding of 
“ physical” corrosion isthe ‘minute electro-motive’ force which «is ¢alled 
into play, but it must ‘be remembered that ‘the time factor in such cases is 
a large and dominating one. The behavior of hard and soft brass in an 
electrolyte is very erratic): The direction of the current so generated 
varies in an extraordinary. manner; sometimes the hard brass is positive 
and at others negative, apparently: due ‘to’ polarization and: the condition:of 
the electrode surfaces. The current: generated ‘is: never very large,:in the 
cold 2.5 to 5 millivolts. Bubbling air or CO: increases the-effect, but unless 
fresh electrolyte is continuously supplied the current falls off very rapidly. 
Such small currents cannot: immediately have an appreciable corrosive 
&ffect; but where the conditions are favorable—as in a condenser, where 
the galvanic elements are in: close metallic continuity and) the: resistance 
and: polarization practically’ nil—the time ‘factor becomes important. The 
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E.M.F. from copper-brass is appreciably higher and becomes of ‘signifi- 
cance in the consideration of electrolysis between dezincified surfaces and 
bare brass. 

To my mind, the most interesting, and at the same time the most’ puz- 
zling, problem is-the case where tubes are practically perfect after years of 
service, I have examined tubes drawn for inspection after eight or ten 
years’ use, which, except for dirt and slight oxidation, have been almost. as 
good as.new. Analysis and microscopical examination disclose no reason 
for this, and whatever the influence may be, it is something quite apart 
from the metal of the tube, for such tubes respond to artificial corrosion 
tests just as readily as normal tubes. We are quite in the dark as to the 
reason .for this phenomenon, and any light on the cause would be of im- 
mense value both theoretically and practically. 

The prevention of condenser-tube waste is almost as vexed a ,question 
as the cause. The circumstances governing corrosion are so varied and 
numerous that what may be found effective in one case might utterly fail in 
others. Tinning the tubes, provided it is well carried out, seems to add 
life in many cases, while in others it would almost have appeared to accel- 
erate the breakdown. Zinc protectors in the water ends may have some 
slight influence over a limited area and time, but as a rule the corrosion 
of the zinc under such circumstances can. be traced, to local action rather 
than to circuit action between the zinc and the surfaces to be protected. 
The settling of zinc corrosion product in the tubes is, in fact, not unlikely 
to defeat the object in view. Iron, either as plates or as the material of 
the water ends, appears to have a favorable influence on the life of the 
tubes, but how long it remains active is problematic. 

These crude methods of opposing a slightly greater E.M.F. have been 
improved upon in the Cumberland and similar processes with what appears 
to be success, but, in my opinion, the safer and more satisfactory method 
would be to replace brass by one of the more resistant alloys which are 
now available. The initial cost is, of course, higher, but the increased 
life and relatively higher iscrap value: of alloys; such ‘as! cupro-nickel, ren- 
ders this drawback more apparent than real. The.ease with which -brass 
lends itself to casting, machining and general working no doubt accounts 
for its use in many situations where other alloys, or eyen iron or, steel, 
would be of greater advantage as regards corrosion. If designers would 
only accept, the fact that under certain circumstances it.is the nature of 
brass to corrode more or less rapidly in sea water, a great deal of ge 
ance and expense might be avoided. It is useful to remember that. t' 
higher the percentage of zinc in a brass the more easily it is corroded, 
and that air, CO., ammonia and sewage in the water hasten the. action, 
especially in the presence of heat. 

he practice of cleaning tubes by acids, alkalies, or some of the secret 
nostrums which are on the market, is questionable. If the vacuum is good 
and the corrosion product a ‘thin, firmly. adhering scale, I do not think it 
should be disturbed, since itis more likely to be protective than otherwise. 
On the other hand, if the tubes are choked to such an extent that the 
efficiency of’ the condenser suffers, there appears to be no other remedy 
than to clean them, but in any case if the deposit can be removed by a 
high-pressure water jet, or by brushing, this is undoubtedly better than 
applying chemicals. ioe : 

Boiling out the steam space of a ‘condenser with alkalies is a practice 
for which some engineets have an obsession.’ In turbineé''sets, where the 
only oil which can reach the condenser comes from the reciprocating aux- 
iliary machinery; this seetns hardly necessary, more ‘especially since the 
modern tendency is to reduce cylinder lubrication to a minimum, and the 
Oils used'‘are mineral hydro-carbons, on which soda has no action beyond 
a possible slight emulsifying effect. A slight film’of mineral oil can do‘no 
harm; and I have even suspected this as the protective influence on those 
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tubes which resist corrosion, such tubes as I have examined having had a 
slight greasy coating on the inside. 

The steam side of tubes rarely corrodes, but when it does the cause is 
usually obvious. It is a fact, however, that when a condenser has been 
laid off, or where air enters with the steam, the condensed water always 
shows traces of soluble copper for some little time after! This may be 
the orgin of the trace of copper which is nearly always found ‘in boiler 
deposits, although it might equally well be derived from the boiler mount- 
ings. It is rather a coincidence, however, that old engineers synchronize 
the first serious boiler corrosion with the introduction of the surface 
condenser. 

In conclusion, I wish briefly to refer to the common idea that leakages 
from electric-lighting circuits are accountable for condenser-tube corrosion. 
That such cases have occurred is possibly correct, but in a steamship the 
free paths open to vagrant currents are so numerous that electrolytic 
conditions are practically non-existent. Even were such leakage directly 
through the condenser it would be conducted by the metal rather than 
through the water. Most of the cases which have been ascribed ‘to stray 
currents must be attributed to quite other causes. 

A precise knowledge of the inner mechanism of brass corrosion will be 
of great value to engineers and metallurgists alike, but as the present diffi- 
culty is not the slow natural decay of the tube in salt water, but the extra- 
ordinarily rapid local breakdown, I cannot help thinking that careful and 
intelligent observation of actual cases will lead to more useful informa- 
tion than laboratory experiments.—*“ Engineering.” 


REDUCTION GEAR DEVELOPMENT. 


‘The following clippings from various sources (all written 


by Mr. John H. MacAlpine) have been compiled for their 
historical value : 


The development of the turbine and later of the geared turbine are far 
the most outstanding advances in steam engineering in many years. The 
modern reciprocating engine is fundamentally the invention of James 
Watt, whose fertile brain and great mechanical skill, exerted over a long 
life, effected a large number of improvements. Greater steam economy 
was made possible by the introduction of the compound engine, invented 
by Jonathan Carter Hornblower, a contemporary of Watt. Further im- 
provement in the same direction was made by Dr. Alex. C. Kirk when he 
designed the triple-expansion engines of S. S. Propontis. The success of 
the triple-expansion engine would no doubt have dated from the trials of 
this ship in 1874 had she not been fitted with water-tube boilers (not of Dr. 
Kirk’s design which proved a failure. This success was delayed till the 
trials of S. S. Aberdeen in 1881, and it is one of the writer’s proudest 
memories that he worked on Dr Kirk’s staff in the design of these engines. 
I look back with the deepest. gratitude to many years of intercourse and 
increasing intimacy with this distinguished engineer.. The quadruple- 
expansion..engine followed almost at once, but. with doubtful advantage. 
All other.improvements, though great in the .aggregate,.can only . be 
looked on.as improvements in detail. 

But in 1884 the handwriting appeared on the wall when the Hon. (now 
Sir) Chas.:A. Parsons introduced his reaction steam turbine:. From the 
earliest. times it. has been the. dream of the engineer to produce rotary 
motion directly by the action of the steam, but the practical solution of the 
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problem awaited his inventive genius. His reaction turbine soon secured 
many applications on land, and, after a good many years, very. wide 
adoption in fast steamships. Later, a practicable impulse turbine was de- 
veloped, and, subsequently, combinations of these two types and compound 
turbines ‘appeared in great variety. 

With ‘ohe exception the turbine, in the early marine applications, was 
directly connected to the propeller. This arrangement allowed of very 
high powers’ being applied, but even in high-speed ships there had to be 
an unsatisfactory compromise between the best speed for the turbine and 
that for the propeller. The former, using a very light fluid, requires a 
high peripheral speed for the best efficiency; and the latter, working in a 
dense medium, had to be overspeeded. This always resulted in the 
adoption of too small a propeller and very large turbines of low peripheral 
speeds, necessarily inducing great trouble from expansion, stripping of 
blades, etc. No great advance in steam economy, if indeed any, could be 
claimed even at full speed; and as the speed was reduced the consumption 
Gutaf de Laval. It has met with considerable success in sizes up to about 
the same as for the reciprocating engine. This solution was not at all 
applicable to other than fast ships. 

It was perfectly obvious that if gears could successfully be interposed 
between the turbine and propeller a solution, extremely satisfactory in all 
respects, would be secured, and this suggestion was made many times. 
Indeed, in 1889 a simple geared turbine was introduced on land by Dr. 
Gutaf de Laval. It has met with considerable success in sizes up to about 
200 horsepower; but its long, slender pinion, subject to considerable tor- 
sion and not sufficiently protected against cross bending, seems to me to be 
the defect in the design which presents its application to other than small 
powers and must be liable to cause trouble even there. It has never been 
applied to ship propulsion, but in 1897 the Parsons Marine Steam Turbine 
Company, 'Ltd., fitted a geared turbine of 10 horsepower on a launch. In 
the same year the Hon. Chas. A. Parsons applied a gear of the De Laval 
type, of about 300 horsepower, to drive a dynamo. Though the gears 
were poorly cut and made considerable noise, the efficiency was found to 
be over 98 per cent. But in 1901, after, apparently, numerous experiments, 
we find that he had concluded that gears, except for small sizes, were 
wholly impracticable. 

It was at this stage that the problem was taken up by my late partner, 
Admiral George W. Melville, ex-Engineer-in-Chief, U. S. N., and myself, 
resulting in the invention of the floating frame. This is so fully detailed 
under the heading, “ Origin and Trials of the Floating Frame,” in the 
more recent of the following papers, that it is unnecessary to make more 
than a short reference to it here. Supposing that the teeth could be cut 
with a near approach to perfection; which seemed by no means imprac- 
ticable, what appeared to us the greatest’ difficulty remained untouched: 
very slight error of alignment of the gear and pinion axes, such as would 
be sure to arise in operation, would cause imperfect tooth contacts and 
greatly exaggerated stresses in the metal and at the surfaces of contact. 
Nevertheless, after much discussion, we made a design of an ordinary gear 
and pinion of large size, the idea of the floating frame not having arisen. 
The diameters of the gear and pinion were 70 inches and 14 inches, re- 
spectively; indeed, all the dimensions were the same as those of the ex- 
perimental floating frame gear very fully treated of in the following 
papers. This we very conservatively estimated would carry a safe load of 
2,500 horsepower at 1,500 revolutions per minute of pinion. The late Mr. 
George Westinghouse proposed to’ build and test this gear; but while 
éstimates were being sought for building the gear and cutting the teeth 
there was ample time to critically examine the many important questions 
involved‘ in the design: The results of this examination were ‘set down in 
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a document dated February 26, 1906, called. “Comparison of, Reduction 
Gear for 2,500 Horsepower with Gear of 300 Horsepower De Laval Tur- 
bine.” This was sent to Mr. Westinghouse and others, but not published. 
While making this investigation the excessive delicacy of such a gear to 
errors of alignment became very prominent,.and in this document occurs 
the first reference to the floating frame—‘ We have thought very seriously 
of trying to obviate this difficulty of wear (of the bearings). by carrying 
this pinion on a very stiff frame so mounted:that. it. would. be free to 
have slight angular motion, both horizontally and vertically, about the 
center of length of the pinion. The pinion then having three degrees of 
freedom, would be in proper adjustment however the bearings wore.” It 
was found later that the floating frame would be unstable unless it was 
deprived of one of these degrees of freedom by means of struts, as is 
explained in the sequel; but theory also showed that the movement thus 
restricted was sufficient for the perfect solution of the problem. We now 
hoped that, having got free from all delicacy of alignment by means of 
the floating frame, the safe load-for this gear at 1,500 revolutions per 
minute. of pinion would be raised to 6,000 horsepower. Experience has 
shown, as stated above, that this was far. underestimated. 

Later, Sir Chas, A. Parsons again took up the geared turbine and in 
1910 completed S. S. Vespasian. Since then he and others have applied it to 
a large number of ships. But these rigid-gear installations cannot in my 
opinion compare favorably in space occupied, weight, quietness,. efficiency 
or safety, with the results obtainable with the floating frame. 

Origin and Trials of the Floating Frame.—In 1904 the late. Admiral 
George W. Melville and the writer visited Europe to examine, for the late 
Mr. George Westinghouse, the marine turbine.situation, He was also in 
Europe at this time and we were frequently together. In discussing the 
question we often advised him that, in our. opinion, gearing offered the 
only hopeful solution which would make the turbine applicable ‘to. ships of 
moderate or s)ow.speed and greatly improve their application to fast ships. 
But if the gearing was to be of practicable size the pinion became so broad 
in proportion to its diameter that it was quite evident there would be a 
great delicacy of alignment, which would limit seriously the power. which 
could be transmitted safely. Hence we made no direct. reference to gear- 
ing in our report. But later a rigid-gear design was: made, and a close 
study of this made it increasingly certain that the rigid gear left much’ to 
be desired. It also became evident that if the pinion could. be put. under 
control of the large gear, except as to its rotation on its axis, delicacy of 
alignment might be overcome. Only long-continued study showed. how 
perfectly this could be accomplished. Hence the floating frame, developed, 
and what I have said in the foregoing shows how completely the solution 
is, not only regarding alignment, but in diminishing the effects of torsion. 
The condition required is. that, moments of the tooth pressures, and there- 
fore also those of the bearings, must be zero. about some point. I.between 
the helices, and preferably in the center. This cannot be accomplished 
ey any other mode of suspending the. bearings or by making the large gear 

exible. 

The first idea of. the floating frame: suggested. itself towards the end. of 
1905, but did not. fully develop for. a considerable time thereafter. We 
submitted it to. Mr. Westinghouse in a drawing dated September 26, 1906, 
which ‘shows the floating. frame, pinion, and I-beam: almost identically. as 
they were made in the experimental gear; the flexible shaft and loose 
coupling .driving, the pinion developed later. .Mr. Westinghouse .was 
immediately struck by the advance this opened,.and.asked. us to make:a 
complete design of a gear which he could test. This, we at once did, but 
the building of it was. delayed by various, circumstances, especially by. the 
panic of 1907,. After the exceptionally successful trials of 1909, Mr. West- 
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inghouse wrote in the “ Broadening ‘the Field-of the Marine Steam Turbine” 
—a volume privately but widely distributed—page 10: “The certainty, with 
which the floating frame of the. Melville and Macalpine reduction gear 
operates to..maintain an evenness. of tooth pressure and the limitation of 
the maximum pressure to 450 pounds per inch of tooth contact with a load 
of. 6,000 horsepower, coupled with a large factor of safety, at once re- 
moves this invention from an. experimental tu a completely commercial” 
apparatus. : 

“T regard this invention as epoch-making in its importance, It has been 
my privilege to supply the material things. which were needed. to trans- 
form the creature of Messrs. Melville and Macalpine’s imagination into 
an actual thing of iron and steel. . The results achieved by, the. completed 
machine have fully. justified my faith in its ultimate success.” 





POWER LOSS IN SCREW PROPELLERS DUE TO ROUGH 
qu SURFACE 


2 


Experiments described in a paper by Naval Constructor William Mc- 
Entee, U, S. N., at the recent annual meeting of the Society of Naval 
Architects and. Marine Engineers, indicate that a great saving of power is 
effected when ship propellers are made of some non-corrodible metal like 
bronze and are carefully machined and polished, as compared with the 
common practice of using propeller castings as they come from the foun- 
dry. It is likely that these experiments teach a valuable lesson, also, to the 
designers and builders of centrifugal--pumps... The -skin friction of a 
rapidly-moving impeller in a centrifugal pump must he very great, espe- 
cially in pumps working at high heads; and it seems all but certain that 
this skin friction must be greatly increased if the impeller is a rough 
casting. : 4 

Usually screw propellers used on naval vessels are carefully finished by 
machining ‘the rear surface of the blade to a true helicoidal surface and 
finishing by~hand the front. face. so that it will be perfectly.smooth. The 
propellers of merchant vessels, however, generally have blades of cast iron 
or cast steel and are given no finish whatever, except trimming off the 
rough places with chisel or file. In addition, as is well known, iron and 
steel propellers often suffer by pitting, so that they present an extremely 
rough surface to the water. 

"ith the object of determining. the, relative efficiency of a smooth- 
finished propeller and a propeller left with the rough surfaces of the 
original casting, four propellers, 16 inches in diameter, were, tested at a 
vniform speed of 5 knots... Two of the propellers were of bronze, one of 
cast iron, and one of ‘cast steel. .One of the bronze propellers was finished 
perfectly smooth; the others were left as they came from the mold, with 
only the ordinary cleaning. The test showed that the propellers with a 
rough surface had a maximum efficiency of about 63 per cent., whereas the 
polished propeller had an efficiency of about 72 per cent. Another test 
was made to determine the effect of a still rougher surface, such as exists 
on a propeller that becomes badly pitted or on which barnacles and other 
sea growths accumulate, by varnishing the polished bronze propeller and 
applying to the sticky varnish a layer of granulated cork, such as is used 
for cork paint in ship work. The efficiency of the -artificially-roughened 
propeller which had been about 72 per cent. in-its polished® condition was 
reduced to 36 per cent. 
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THE MEASUREMENT OF SHAFT. HORSEPOWER. 


The use of the steam turbine as a means of propulsion for all classes of 
steam ships, which bids fair to be considerably extended in the near future 
as a result of the successful application of gears for the reduction of the 
most economical speed of the turbine to the most economical speed of the 


propeller, has rendered it essential that some simple means shall be found 


whereby the horsepower developed by the turbine can be measured. At 
the present time there is no direct method similar to the simple and 
straightforward “indicating” of the reciprocating engine that can be used 
for determining the horsepower of the turbine, and het.ce indirect methods 
must be resorted to. A rough approximate computation can be made, 
based upon comparison with the known performance of similar machines, 
or in the case of turbines utilized for driving electric generators, the out- 
put of the generator can be measured and, making allowance for the effi- 
eng? of the generator, the horsepower developed by the turbine is ar- 
rived at. 

For marine work, the method adopted consists of a determination of. the 
horsepower being transmitted through the tunnel shaft between the tur- 
bine and the propeller, by measuring the angle of twist of a known lengti 
of the shaft, the result being known as the “shaft horsepower.” It can 
be readily shown that the angle of twist or angle of. torsion varies directly 
as the power transmitted by the shaft, and inversely as the speed of rota- 
tion. Let Fig. 1 represent a length / of a shaft transmitting a horsepower 
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Fic. 1—Dracram SHOWING EFrect or Torsion. 


H.P. at a speed of N revolutions per minute in the direction shown. The 
material of the shaft is subjected to a pure shearing stress as a result of 
the torsion in the shaft, and the line which was originally in the position 
CA moves around to CB, CB being a portion of a helix. The radius OA 
at the same time moves round to OB, so that the angle AOB=0= angle 
of torsion of the length /. 


ci oi __ shear stress , 
But modulus of rigidity c= iy waraia"* 


hence, if f = max. shear stress in the material of shaft ca. 
es 
E - __ AB AB __ aes 
since shear strain = T° But 65 = 6 or AB = 70. 
1 * 
Cafh=foro=¥. (i) 
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But it is proved in any text book dealing with the theory of shafts that for 
a solid shaft of diameter d 


Tv 
T= 5 ay, 


where T is the twisting moment producing the stress Hence substituting 


the value of / obtained from this equation, 7.¢., f= ats : 


in equation (i) we get = ax , (ii) 


But the horsepower transmitted by the shaft at N revolutions per minute sets 
up a twisting moment T in the shaft such that 


H.P, = 2tNT 9, 7 — 33,000 HP. 
33,000 2nN 


The unit of twisting moment as obtained from this formula is the pound- 
foot. This must be expressed in pound-inches, since modulus of rigidity and 
diameter of shaft are expressed in inch units. Hence we have 


| — 33,000 X 12 X H.P. 
2nN 


Substituting this value of T in equation (ii) we get 





pound-inches. 





— (32_X 33,000 X 12 X /\ H.P. (iii) 
an2diC 5 
But for any given shaft /, d and C are constants 
.*. 0 = constant x HP, (iv) 


and a similar result would be arrived at if the foregoing investigation had 
been made for a hollow shaft instead of for a solid shaft. Hence in either 
case, having determined the constant of the formula, the horsepower can 
be directly determined from a measurement of the angle of twist of a 
given length of the shaft. 

The instrument used to measure this angle of torsion is called a torsion- 
meter, and in most types on the market consists essentially of two collars 
clamped rigidly to the shaft at a given distance L, apart, as shown in Fig. 2. 
The second of these collars is provided with a sleeve and a flange at the 
end of the sleeve, which is thus brought up close to the first collar, which 
carries a similar flange, the sleeve overlapping the first collar on which it 
is supported, usually on roller bearings, to keep it concentric with the 
shaft. Both the collar and the sleeve are quite rigid, and it is therefore 
obvious that when the shaft is twisted by the transmission of power, the 
flange on the sleeve will move relatively to the flange on the first collar, 
the movement being equal to that between the two parts of the shaft to 
which the collars are clamped. Actually the relative movement of the 
flanges is very small, and it is in the means adopted to multiply and 
measure this relative movement that the various types of instruments 


iffer, 

In the Hopkinson-Thring torsionmeter (see Fig. 3); made by Siemens 
Bros. & Co., Litd., and designed by Professor Hopkinson, in conjunction 
with Mr. Thring, the principle adopted consists in the observation of the 
_ twist by means of two beams of light projected on to a scale from a fixed 
and a movable mirror, It is of interest to note that a somewhat similar 
result was arrived at independently, although at a later date, by Hermann 
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Frahm, of*Hamburg:) The beam ‘projected on to the scale by the fixed 
mirror is taken as the zero point, whilst the - beam’ projected *by ‘the 
movable mirror indicates the amount of torque on the shaft. Both mirrors 
rotate with the shaft, but even at moderate speeds the reflections appear 
as continuous lines of light across the scale, Fig. 4, and there is thus no 
difficulty in taking the readings. The fixed mirror is attached to the 
flange on the first collar referred to above, and the movable. one is at- 
tached to the flange carried ‘by the sleeve. The fixed mirror is adjusted 
so that the beam of light reflected from it is received at the same point on 
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Fic. 2.—D1acraM or TorSIONMETER SHOWING ARRANGEMENT OF FLANGES. 


he scale as that from the movable mirror when there is no torque on the 
shaft. If the position of. the apparatus becomes altered relatively to the 
scale, owing to the warming up of the shaft or from other. causes, this is 
indicated immediately to the observer by an alteration in the position of 
the zero as reflected by. the fixed mirror.. Hence the scale zero may be 
adjusted, if desired, by moving the scale so that its zero coincides with - 
the reflection from the fixed mirror, but this is not necessary to obtain a 
correct result, since the mean of the two readings will be the same. ; 








Fic. 3—HopkKiNsoN-THRING ToRSION METER. 





Fic. 4.—Inpicator For HopKinson-THRING TorRSIONMETER. 





Fic. 5—DENNyY-EpcEcoMBE ToRSIONMETER WITH INDICATOR AND RECORDER 















Fic. 6—Dernny-EpcecomsBe Exectro-MECHANICAL T'oRSIONMETER. 





Fic. 9—DenNy-EncecomBe REcorDING TorSIONMETER. 
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The constant of the instrument, viz.: the factor which when multiplied 
into the product of the torsionmeter reading and the revolutions per 
minute gives the horsepower may be determined either by calculation or 
by experiment. It is determined by calculation from the’ various quanti- 
ties given’ in formula (iti) above, modified if necessary inthe case of a 
hollow shaft, together with a factor giving the relationship between the 
scale reading and 9 the angle of’ twist Of the shaft; but a direct’ calibra- 
tion of the shaft with the instrument in position is recommended, this 
being made before the shaft is put in the ship by applying a known twist- 
ing couple. 

The angle of twist of the shaft'is equal to the angle between the two 
beams of light: If this angle is small, it is approximately proportional to 
the scale reading. 

We have seen that 

: 6 = constant a (iv) above, 
7.¢., HP = constant X N@; and since 0 is proportional to the scale reading 
HP = constant X revs. per min. X scale reading. 


The value of the constant is best determined for different values of the 
twisting couple, these being in approximate agreement, and the average 
value taken for. use when the instrument is in service on board the ship. 
If, however, the torsionmeter is applied to existing shafts, where it would 
be impossible to. make direct readings in order to obtain the constant, this 
can only be determined by calculation, as shown above. 

By a combination of mirrors it is possible to obtain more than one 
reading of the torque in the shaft during each revolution, but it will. be 
apparent that this instrument is only suited to deal with shafts in which 
the twisting movement is uniform, as in turbine shafts, as in the event of a 
reading being made when the torque was very much different from the 
average value, the shaft horsepower arrived at would be correspondingly 
inaccurate. 

Another form of instrument is the Denny-Edgecombe torsionmeter, 
made by Denny Brothers, of Dumbarton, the principle of which is the 
same as that already described, but which differs in the means adopted for 
measuring the relative displacement of the two flanges. Each of the 
flanges carries two similar and similarly situated arms, and. when . the 
shaft is twisted, the sleeve remaining rigid, there is a transverse displace- 
ment of the arms carried by the flange attached to the sleeve, relatively to 
those carried by the other flange, the displacement corresponding to the 
twist. of the shaft between the two collars. Qne of the arms-has.a short 
rack of involute teeth on its periphery, the other carries an enclosed multi- 
plying gear, the pinion of which can be accurately adjusted. to,;mesh with 
the rack. This multiplying gear is really a set of toothed levers which have 
small angular movements upon their centers, but for convenience they are 
made in the form of wheels, both for accuracy of manufacture and for 
balance. There are only two spindles, one carrying the pinion which gears 
with the rack; the other.has the final angular. movement which it is de- 
sired to measure. In the type of torsionmeter. represented by Fig. 5, a 
mechanical contrivance is adopted: for measuring the angular movement 
of this second spindle, there being fixed to it a balanced:.drum. about.4 
inches in diameter, as shown. To this drum there is secured by both ends 
a flexible wire rope, which passes from the drum down the arm round a 
pulley along the sleeve, round a horizontal pulley on the sleeve and, back 
again to the drum, to which it is securely fastened, the pulley. on the 
sleeve being adjustable in order. to tighten 'the: rope. Thus the: circular 
motion of the. second. spindle|is converted into a. longitudinal movement 
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of the wire rope. A light aluminum traveler runs on rollers along a 
turned part of the sleeve, one pair of its rollers being made to run ina 
V-groove cut in the sleeve, thus permitting the traveler to move:along the 
sleeve, but causing.it to.revolve with the sleeve... The.traveler has.a turned 
flange and a gripper, by means of which.it.can be rigidly secured. to either 
part of the wire rope in.any desired longitudinal position; It. is evident 
that when the shaft twists, the multiplying gear. is moved, and .the traveler 
moves along the sleeve an amount which represents the torsion of the shaft. 

There may, however, be a slight longitudinal movement of the whole 
shaft due to expansion or other causes, and it is therefore necessary. to 
measure the movement of the traveler.relatively to the-sleeve. For this 
purpose there, is cast upon the sleeve a,base flange, which is turned to the 
same diameter as the traveler flange. This forms the base of measure- 
ment and also serves as a means of accurately setting the.traveler on the 
sleeve, the two flanges being brought together for this purpose, so that 
when the traveler is secured to the wiré‘rope, the difference of position 
which occurs between the two flanges represent. torsion accurately. A 
suitable indicator is attached to the traveler, which multiplies the motion 
fourfold, and thus a more accurate measurement of the relative displace- 
ment of the two flanges—and therefore of the twist of, the shaft—is ob- 
tained. The indicator consists essentially of a base plate which is free to 
move longitudinally on ball bearings in its case, and which carries at the 
left-hand corner a wheel which runs on the base flange, and which is kept 
in contact’ with it by a spring so arranged that the indicator base plate 
follows any longitudinal motion of the base flange and’ eliminates every- 
thing but torsion. Mounted on the base plate is a small movable carriage 
which carries at the back a similar wheel running on the traveler flange; 
this flange and wheel are kept in contact by another spring arranged on a 
fusee to give constant tension to all positions. On the front of the car- 
fiage there is a pair of concentric toothed wheels, the smaller of which 
gears with a fixed rack on the base plate, the larger ‘gearing with a 
movable rack running in ball bearings, also on the base plate; the longi- 
tudinal movement of this rack being four times that of the carriage and 
traveler flange. The rack carries a pointer which moves over a horizontal 
scale fixed to the base plate, and so registers torsion. In order to in- 
crease the fineness of the reading a small spindle is geared to the edge of 
the larger toothed wheel, and this moves a pointer round a fixed circular 
disc, one revolution of this pointer corresponding to two divisions on the 
fixed scale. 

If it is desired to obtain a permanent diagram of torsion, a recorder 
may be attached to the front of the indicator, as shown in Fig. 5, the drums 
of which are driven by means of smail double-worm gear from the spindle 
of the wheel which runs on the base flange, change gear actuated by a 
small lever being provided so that the drums can be kept revolving in the 
same’ direction whether the ship is going “ahead” or “astern.” A dia- 
gram paper is fixed to the drums upon which ‘pens ‘attached to the fixed 
scale and to the movable rack of the indicator mark respectively the zero 
line and the torsion line. In addition to this; a clock is fitted with ‘an 
electrical arrangement for making half seconds, ahd another electric’ pen is 
provided, which can be connected with a make-and-break fitting on the 
revolution counter of the engine. A diagram of simultaneous revolttions 
per minute and torsion is thus obtained, from which the shaft horsepower 
and any or every-instant during the trial can be obtained. 

It will be noticed that it is’ thé’ mean torsion which is given by this 
instrument and not the torsion at any one point of’ a revolution taken ‘as 
the mean. ‘As in thé type of instrument previously described, having de- 
termined the constant either by direct experiment on the shaft or by’ cal- 
culation, the shaft horsepower is determined from thé formula 


S.H.P. = Constant X revolutions per minute X scale reading. 
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One of the difficulties encountered when ‘using the instruments: just de- 
scribed’ is“due to the limited space available in the shaft tunnels of many 
ships, it ‘being. necéssary with these types that the indicators and recorders 
shall be mourited’ near.'the torsionmeter, which ‘itself is mounted some- 
where on/the shaft in the tunnel. In order that the readings may be 
easily taken in any convenient position, an improved form: of indicator for 
the Denny-Edgecombe torsionmeter has been devised. This indicator is of the 
electro-mechanical type, the relative motion of the two flanges being first 
of all multiplied mechanically, and then caused to vary the resistance of a 
rheostat, an‘electric current passing through: which is utilized 'as'a measure 
of the‘angle’of torsion of the shaft. ° The’ indicator itself is:connected: to 
the torsionmeter by flexible leads, andcan therefore be» placed in any 
convenient position away from the tunnel An illustration of the torsion- 
meter is given in Fig 6, and an outline diagram is shown in Fig. 7. 




















Fic. 7.—OvutLine DracraAM .or Exectro-MECHANICAL ‘TORSION METER. 


The meter has the same fundamental construction up. to the second 
spindle of the multiplying gear as that already described., The. second 
spindle in this. case, however,. carries a light arm, one end of) which acts- 
as, a pointer, whilst the other end carries an, electrical contacter ;. and. the 
movement of this arm over a dial fixed to the frame of the multiplying 
gear is all the work that the gearing has to do. For shafts haying a 
uniform torsion there is no motion of the pointer over the dial for con- 
stant revolutions of shaft, but..for reciprocating engines the motion is 
considerable. The dial has an accurately divided scale for. about 180 de- 
grees of its circumference, and the pointer can. be adjusted to the zero im 
the. middle of. this scale... There is a coiled. clock. spring .between the 
spindle and the dial which eliminates the effect of backlash in the teeth of 
the gear. When the shaft is being twisted in the shop by means of applied 
progenies the torsion. may be read from this scale, but when it is revolving 
in the ship,.it is impossible to read the scale by eye, and electrical trans- 
mission is therefore used, to show the reading on a stationary indicator 
situated in any convenient position. ' ; 1303 

The transmitter consists of a rheostat embeddéd in the dial, with a 
contacter’ ‘passing over it, the contacter being carried on the other end of 
the pointer arm. The rheostat is a thin strip of .resistance ribbon of great 
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length, arranged in insulated folds and. dis- 
posed radially around the dial, the folds of 
the ribbon being extremely close together, | 
thus forming a ‘continuous resistance. 
Electrical connection is. made between the 
two ends of this resistance ribbon and 
two slip rings on the body of the torsion- 
meter, from which the current is collected 
by two brushes of special. design, which 
ensure uniform transmission of current. . 
The diagram of the electrical connections is 
shown in Fig. 8, “A”. representing the 
pointer and: the contact finger, which is 
moved round the dial by the multiplying 
gear. As the shaft twists, A turns on its 1 








center, and the contacter moves over the Slip 
theostat BB:; the ends of the rheostat re- ©) E €, Rings 
sistance are connected ty two slip rings 


CC, and by means of the brushes which __Accumula ir 
are always in contact with these the cur- 
rent passes to the ammeter coils DD,, and 
back to the accumulator. There are-thus 
two circuits, the current passing from the t 
accumulator byway of the earth wire E, 
which is connected to the bare metal of the | w. | 
ship, and thence by way of the ship and 

shaft to the contacter A, where it divides q 
and passes through the resistances BB: to . Indicator 
the slip rings CC, and on to the two coils 
of the ammeter DD,, coming back finally 
to the accumulator. It is evident that as — any 
the contacter passes over the rheostat the D dD, 
resistances in B and B, will cause move-fy¢, g—CoNNECTIONS FOR INDI- 
ment of the coil of the differentially-wound caror or ELEcTRO-MECHAN- 
ammeter, and the pointer of the indicator year Torsion METER. 

will follow the contacter of the rheostat, 

thus measuring the twisting moment on the shaft. The indicator, 4. e., the 
ammeter has two scales, one being red and the other black, each of the 
scales corresponding to one-half of the resistance of the transmitter, the 
scale of which is also half red and half black, so that distinction may‘ be 
made for “ahead” and “astern” readings. When the meter is set up, the 
pointer of the transmitter is set to zero, and when the shaft is running 
the only operation necessary to read torsion is to press the key on the 
ammeter and take the reading. 

In finding the constant of the apparatus by experiment—which method 
is to be pfeferred to that by calculation—the meter is secured to the shaft 
in the testing shop in the position it will occupy in the ship; the pointer on 
the transmitter is set to zero when the beams and scale pans, but no other 
weights, are applied to the shaft. All that'is then necessary to do is to 
apply the loads and read the multiplied angle of twist direct from ‘the 
transmitter for each increment of load, ‘no electrical transmission being 
nécessary in this case since the shaft is not revolving. Having: determined 
the constant of the instrument, the shaft horsepower is given by the same 


formula as before, i. e.— 











S.H.P. = constant X revolutions per minute scale reading. 


From the foregoing descriptions it will be realized that whilst the 
twisting moment in a shaft can be easily and accurately determined, pro- 
- vided that it remains fairly constant during each revolution of the shaft, 
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the apparatus is not: suitable for recording the twisting moment in. the 
shaft at every instant’ during one :revolution. It has: been felt that with 
turbines we are working more or less in the dark, and. that what is needed 
is some means whereby the fluctuation of twisting moment in the shaft 
during one revolution-—if| any—may be rendered visible just as the fluctua- 
tion of pressure on the piston is rendered visible by the indicator. With 
reciprocating engines the variation of twisting moment is. well known, 
but it'is not always correct to assume that because a steam turbine may be. 
supposed to exert a uniform twisting moment, therefore the shaft, driving, 
a propeller has no variation of torsion; even with turbine shafting there 
is often considerable variation under certain propeller conditions. 

The Denny-Edgecombe. torsionmeter has received a. very interesting 
modification, which enables what may be called “ indicator diagrams. of 
twisting moment”’ to be taken for one revolution of the shaft under any 
particular conditions. This type of instrument:was designed specially for 
the’ experiments carried out by the board which was appointed: by the 
United States naval authorities to investigate the “Shafting Failures and 
Engine Vibration of Vessels of the Louisiana Class,” a full report of which 
appeared in the “Shipbuilding and Shipping Record,” June 7 and 14, pp. 
548 and 574. : 

The torsionmeter with its indicating gear is shown in Fig. 9, and is 
similar to that illustrated in Fig. 5 in having the same type of multiplying 
gear fitted with a light drum, carrying a wire rope‘along the sleeve, but in 
order to obtain the advantages of the purely mechanical type, with the 
light: movement necessary to follow the rapid motions of reciprocating 
shafts; the traveler; indicator and recorder are dispensed with. The wire is 
retained, but it is carried. round a pulley, which is secured.to a standard 
on the base flange of the sleeve, instead of the sleeve itself. By this device 
a non-revolving drum concentric with the sleeve may be aboped along. the 
sleeve until) it comes between the standard and the sleeve: The standard 
carrying the wire thus revolves around the drum. By. attaching: a light 
pen running in a slide to the wire, it will be seen that the pen. will trace 
a line on the drum combined of two separate motions. One is circum- 
ferential and is due to the revolution of the shaft, and if there is no tor- 
sion, or if, there be a constant torsion,.a straight line will, be marked 
round the drum. If, however, the torsion be varying, the pen will 
traverse its slide in a longitudinal direction, so that, supposing the shaft 
to be twisted but not revolved, a straight line will be marked along the 
drum parallel with the axis of the shaft... When transmitting power, the 
shaft is both revolving and being twisted; and the ‘pen then traces out a 
sinuous. line combining the two motions, and thus records the line of 
variable tension. - 

It. will be seen, however, that the “pen,” as it has hitherto been called, 
is attached to a revolving part of the apparatus, and is therefore inacces- 
sible when the machinery is running; also that it moves over the drum at a 
speed which may be very high on large-diameter shafting. The method 
adopted for dealing with this difficulty is to cover the drum with carbon 
paper, or other material, which will mark a white paper under the 
pressure of a running pen. Over this carbon paper, on the drum, is se- 
cured.a sheet of tracing paper. The pen point is a roller with a rounded 
edge carried on a spring support, peaviion being made whereby this roller 
may be pressed upon the drum for one or more revolutions as may be 
desired, and thus a diagram of the torsional movements is obtained on the 
back of the tracing paper, but which can be seen through it. There is a 
second fixed pen in addition to the torsion pen, which gives a base line 
from which, the correct zero line for: no torsion can be measured. 

It is necessary to know the position of the diagram relatively to the 
engine, :and this. can.be obtained after the torsionmeter is secured to. the 
shaft by noting the circumferential position of the pen upon the paper 
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when the efgine is at some known position, say: with: the high-pressure 
piston at the top of’ its stroke; this point being noted, it can be transferred 
to the ‘drum, and thence marked on all subsequent diagrams, It may be 
found convenient to: make’ the pen position coincide ‘with the joint of the 
paper for a definite position ofthe engine, all :other positions: of: the 
cycle’ being thus fixed. 

The drum is fitted with rollers which run on ‘the base flange, and is: kept 
in position by a spring catch, which adjusts itself to any longitudinal 
movement of the shaft. “The drum therefore follows the shaft; and any 
error which might be due to longitudinal motion of the shaft.is eliminated 
from the measurement of torsion. The rollers fitted to the drum run on 
the turned part of the ‘sleeve, so that when the shaft is revolving, the 
drum being stationary, the friction is reduced to a minimum. The drum is 
kept from fevolving by a casting which slides on a fixed catch bar at- 
tached to the ship, there being two lever catches on this bar. which hold 
the drum either against the flange for obtaining the diagram) or away 
from the revolving standard altogether so that the diagram may be: re- 
moved, and fresh paper put on for the next diagram. The meter is so 
arranged that diagrams may be obtained either. when ‘going: ahead. or 
astern. 

Although these diagrams are not celal to any great extent by engine 
builders, it is obvious that much interesting and useful -data' could be ob- 
tained with regard to shaft vibration, effect of propeller, etc., if a‘ series 
of such diagrams was'taken from ‘different classes: of:vessels and carefully 
analyzed; and in any case both the maximum and minimum, and also the 
mean‘ twisting moment can be obtained from the diagrams and -from the 
méan value, the shaft horsepower can be obtained in the usual way. 

In conclusion, the author -wishes to express his indebtedness to Messrs. 
Siemens Bros. & Co., Ltd. of Woolwich, and to: Messrs, Denny-Edge- 
combe, of Dumbarton, for their kindness in ‘placing the particulars and 
illustrations of the instruments ‘made by them at -his disposal —'Ship- 
building and Shipping Record.” ti rst 


DEVELOPMENT AND PROGRESS 1 IN AVIATION ENGINES* 
By Henry SovuTuer, Consulting Engineer. 


Major, Aviation Section, Signal Corps, 'U: S. Army, War: Department, 
Chief,.: Aircraft Engineering Division, Washington, -D. 


The art of aviation and the industry’ of’ building apie in engines and 
accessories, to meet the demands of the art, are now going forward with 
wonderful strides, Commercial usage as ‘well as. war usage begins to - 
attract the attention of the aeronautic ‘engineer. 

It is’ interesting to refer back a few years to the “Journal. of. the’ 
Franklin Institute,” dated October, 1910, and learn to appreciate ‘the 
rapidity, of change in the art. Reference is made therein ‘to ‘a’ “useful 
load of. 450 pounds, including ‘thrée. passengers.” This wei ht is’ the’ 
equivalent of about 75 gallons of gasoline, which is less than the amount 
required for four hours’ flight of a two-passenger airplane of, recent’ de- 
sign and construction. Nearly twice this volume of gasoline is now car- 
ried, with two passengers and 150 postids 3 additional useful load. 

Reference is made. to airplane flying: altitude: ‘“ Prominent ‘aviators 
who undertake a cross-country flight select their course with care and 
maintain a very high altitude” “Lambert, who ordinarily does’ not ‘seek 
high altitudes, in soaring over Paris, was obliged to ascend to a height 





* Presented at a meeting .of the Mechanical and Engineering Section, ‘held Fides) 
day, March 1, 1917. 
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of more than 1,600 feet.” In the war zone danger is now’ imminent’ below 
16,000 ‘feet altitude « Much flying is necessary at greater altitudes.’ Peace- 
ful cross-country flying is done at what are now called safe altitudes of 
from 3,000 to’7,000 feet. From such altitudes it is probable that a ‘suit- 
able landing area ‘could ‘be reached in case of need. -‘With a “dead” 
engine the angle of glide is about six to one. This means that a six- 
mile — circle is available for a choice ‘of landing from’ an altitude of 
one ‘mile,’ lt a131 

Duration of. flight-is referred to.as' follows: “ Present-day flights ‘are’ 
no longer measured:in minutes.” “The hour has been exceeded by many 
pilots,” )“ The aetoplane ‘will enter the field of touring.” “All this and more 
is now ‘true aftera period of six years. } 

Aviation engine weight per horsepower delivered has not changed much; 
but engines are more reliable, more efficient and stronger, and heavier 
where ‘experience: has caught the need.  The-term “weight per horse-: 
power” is a loose one. There are many parts that may or may not be 
considered as a:part'of the engine of the power plants: to’ be included in: 
the weight. Some twenty-eight or thirty items have been found ‘in this 
doubtful class. The weight of gasoline and oil consumed: per hour: is) 
figured by. some’ as an element:of engine weight. It does ‘influence the 
design.of:the:airplane as a whole. It must ‘be: known.:'‘Forexample;:the 
rotary, air-cooled engine, although very light, about two pounds’ per 
horsepower, is: outclassed: by: heavier engines if the: airplane must: fly 
more than, three hours. The rotary engine consumes too much gasoline 
and oil) per horsepower-hour for long flight. 

- Broadly. speaking, it may..be said that the weight may safely. vary from 
two-to five pounds per horsepower, . This: will include the weight of. mag- 
neto, carburetor and. wiring. .Other elements of: the. power plant, suchas: 
water, water piping, oil in the engine and the propeller, are:not, included: 

An,,engine. which. ranks. very. high. for. speed, climbing, and. endurance 
weighs, 2.4. pounds, per. horsepower... This..engine.is high strung and deli- 
cate, .but very .effective. .Many, types. of engines. are in; practical use. 

There is an.eyer-changing idea as to the proper function; for each type,, 
and.a constant shifting of opinion of:one engine to another, of any. given 
type, .as,.to the .superiority.. Any..improvement of .design,..material or: 
workmanship m: ¢ result in temporary superiority. Competition inthis 


matter. is keen... All ‘sorts of. daring. expedients are tried. under war.pres-, 
sure. The result is rapid change and rapid improvement,, «°°. 
The future one may. not predict. The. probable status, six; months hence 


is only speculation, It is plan that greater horsepowers are appearing, 


for all’types and sizes of airplanes. The. result is increased. speed, ; climb; 
and load-carrying capacity. There seems to be no limit to, this increase. 
except that imposéd by. lack of experience. This lack is being made good. 
very rapidly just now by war conditions. Bee ok 
About a year ago it was thought that no more than 90 horsepower could 
be obtained from a radial rotary, air-cooled engine, One-third more has 


been obtained, and nearly double is now planned. 


Similar improvement is being brought about, by experience, in other 


engines. Ati eight-cylinder, V-type engine now. develops consistently 210 


horsepower. Six months ago it did not function as. consistently at 180 
horsepower. There has been no radical change of. design or size. 

Experience has been the, teacher. No internal-combustion engine of 
new and extreme design. can be brought to a condition of practi: excel- 
lence in less than a year, and often two years. Yet partially developed 


engines must be purchased and ‘used or there will never be complete de- 

velopment. : Lege cake Re 
The next, and very important, step is the development. of organizations 

that can’really manufacture an aviation engine or what rather than 


build afew models, or a dozen or two nearly alike. $ is a task ‘that 
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will easily occupy another year of consistent endeavor. At least one 
aviation manufacturing organization finds itself in. this state of develop- 
ment. The building nucleus of men must be expanded into a manufactur- 
ing force. The product must be adapted to practical methods of: manu- 
facture, to existing tools, and standards, so, far as possible. “Otherwise no 
quantity production may be expected. 

This has been proved many times in other industries. The aircraft in- 
dustry is not different. In fact, it is astonishingly similar to the motor- 
car industry as found during its beginning and early. growth. 

erfection would be. approached by having each plant producing avia- 
tion material;-as engines or airplanes,.so organized andsequipped as;.to 
manufacture one type only and do: that well. This condition: will be 
brought about by a consistent demand or in response to a pressing need. 
A proper foundation for such a development is now being laid by the same 
engineering body that assisted in the .amiazing growth of :the motor-car 
industry—The Society of Automotive Engineers (recently Automobile, 
but expanded ‘to: include closely-allied industries, of which aviation is 
one). Its standards and engineering practices will creep into the new in- 
dustry as they did into the older one. 

It is difficult to discuss aviation without mentioning the ‘Wright Brothers. 
They. developed: much knowledge of flying without an engine by gliding 
experiments, and then sought an engine. 

At the outset of the automobile industry the power estimated as neces- 
sary was too small. Practical tests indicated that three horsepower would 
suffice, with a generous factor of safety. History repeated itself. Orville 
Wright recently stated that an eight horsepower engine was figured as 
necessary. Such an engine, not to exceed 200 pounds in: weight, ‘was 
sought in the open market: This occurred in 1903, and none was offered 
that» was worth considering. 

The Wrights then built a four-cylinder 4x4-inch engine that ‘did weigh 
less than 200°pounds. This engine developed 12 horsepower and actually 
flew an airplane. This engine was followed soon’ by a much better one 
that developed 30 to 35 horsepower. It was simple in the extreme degree. 
A jet nozzle in the intake pipe served'to atomize the gasoline; the ignition 
was a low-tension system ; the water jackets were of sheet aluminum, the 
crank shaft very small in ‘diameter, as were all other moving parts. Later 
engines of the same design have produced more power, are very efficient, 
and still being used to a limited extent. 

The four-cylinder vertical engine was the -first aviation engine to do 
real service. The airplane flown with so small an amount of power was 
large in wing area for the load carried, slow in speed and sluggish in 
movement, judged by ptesent standards. Such an airplane resembles the 
butterfly father than the swallow. It is not like the successful fighting 
machine, yet will surely find place for peace usages. 

Closely following this first type of engine came six-cylinder vertical and 
eight-cylinder V engines of 65 horsepower and 7% horsepower, All of 
these were too light and frail for hard service. Minutes of flight were 
possible, but not hours, as now required. High-pressure lubrication, to, 
vital parts had not been developed, Valves failed because of inadequate 
cooling and material. 

In August, 1908, the Wright Brothers made their first flight in France. 
Following this date the French engineers developed airplanes and engines 
of various types that embodied the fundamentals demonstrated by the ~ 
Wrights, so far as the airplane was concerned. The scientist contributed. 
much to the art by working out the theory of the art of flying. A long 
step forward was taken in the succeeding years. 

Air-cooled engines of the radial rotating form .were developed, then 
air-cooled and water-cooled vertical and. fixed. cylinders. These successive 
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steps. again repeated the steps taken by those who ‘had developed the 
automobile and its engine; all were too frail and of small power. ,-It seems 
safe. to.state.that. nothing as. large. as: 100 horsepower was reached or 
thought necessary, The Gnome radial rotating. engine. became, most suc- 
cessful, and,..as.experience improved the skill of the aviator, the power 
of the engine grew gradually from 60 horsepower up to 90 horsepower. 
Similarly the speed of the airplane increased up to 60 or 70 miles per 
hont -with slow speed. or landing speed in the neighborhood of 40 miles 
per hour. 

After: afew years of this normal development, with reasonable progress 
relatively slow. because of the enormous. cost. attending aircraft experi- 
ment, came.:‘the present European. war. Then began .a feverish and. rapid 
development, during which rash moves were made and long chances of an 
engineering character were taken.. How. much; the demands of war have 
advanced the art of aviation can only be guessed, but surely as much as a 
generation 

As soon as the absolute necessity of. aircraft as a part of a modern 
army was demonstrated the production of them was forced to the limit. 

Extreme types are built and flown. Planes of small area, equipped with 
engines: of large horsepower, which must be landed at 80 miles per hour, 
must. be used: This type’ is the fighting craft that: seeks altitudes above 
the hostile projectile danger zone (about 18,000 feet), and higher yet in 
order to be able ‘to: swoop down on the slower plane or upon some less 
skillful: aviator. One hundred horsepower is no longer enough for this 
light and agile airplane.. An engine, eight-cylinder, V type, of 150 horse- 
power, ‘is aoe popular riow, but with a tendency toward, and small: actual 
use of, 200 horsepower, yielding a speed of 140 miles per hour and a 
climb of more than 1,000 feet per minute. 

The only: type:of airplane used: for war purposes, satisfied by an engine 
of 100 horsepower. or ‘less, is the: school machine, which: carries teacher and . 
student, tandem ‘or: side by side, in the: body.: Thousands.’of these..are 
needed and being used in Europe. It is pleasing to know that one engine 
built in the: United States is giving excellent satisfaction: i in England for 
this’ pui pose: : 

For Jarge warcraft, battleplanes ‘so-called, more powerful engines are 
used. So fat as known, this demand is: met by. engines of 250 to 350 
horsepower. These aircraft.carry bombs or-explosives up'to 1,000 pounds 
in weight, and small defensive guns. ‘They are not agile nor fast, ‘and are 
defended by fasti machines, when possible to do so. They are the battle- 
ships of the air, defended by the torpedo boat. 

‘© produce this power 12 and 18 cylinders are used. The latter is of the 
V type, with three rows. of asso in place of two. \It:is new and 
said to be very successful. The power is transmitted: to: the propeller 
through gears, the propeller rotating: about three-fifths engine speed, at 
about 1,000:.to 1,200 revolutions per minute. Wherever possible, gearing 
is avoided, because of the great weight: added and increased mechanical 
difficulties, The: difficulties surrounding: the propeller problem also deter. 
The combination of much power and high speed tends to wreck propellers. 
There ate’ many elements entering into this phase of the use of large 
powers not. yet fully understood. 

An obvious: means to equip 'an airplane with more power is to use more 
than one engine-unit.. This is done and will be done; but there is a pen- 
alty. attached tothe plan. The ‘ideal disposition of: weight in an airplane 
is to have all:concentrated .at' the center of gravity of the entire structure. 
A single engine’ unit approaches this condition as nearly as:may be.: Two 
units mounted: out im the wings, away from the center of: gravity, increase 
the ‘inertia, decrease the agility and maneuvering quality very much. >Anm 
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airplane so equipped cannot’ quickly turn and twist to’ avoid the attack of 
a fast machine. 


There will come’ a’ eine so engineeri attention i is’ not drawn to 
that 








airplanes for war purposes a type of 
will not have speed, Pe ap EAs ated caro RP 
Much léss power will "hia need, and a much more norimal aircraft will 
result. Then the multiph it plane ‘will have a chance’to 

Our present airctaf development is what the racing car has ‘to the 
automobile industry—a wonderful ir for normal a or and 
usage. In time’ réal | manufacture _ prices will Awol - 
larity’ increase. to’ meet stich a ' 
They will, as now, be highly refined as'‘to' essenitial funisticns, bat" of 


ordinary’ cnaneumiieh as aa the non-vital functions.” At Passe ‘the ex- 
treme of design, workmanship and material is the aim for all parts. The 
art is too yoting to permit any other procedure. ~ ’ 1D6 


ENGINE DESIGN. 


The desired engine must be light, but: it must be reliable. It must be 
capable of. continuous operation at very’ nearly full.capacity for long 
periods. A 20,000-foot iclimb requires that everything shall be perfect.’ :: 

The periods of partial use'and rest are short, as for aiglide. The period 
of level flying is from 75 per cent.: full power to; full power, at the desire 
of the operator.. Pursuit or flight ‘means full power, patrol or observation 
duty means less; but at no time -does:'the usage approach that of the: 
motor-car engine. "The demand is even greater than that on the marine: 
engine, which carries.a very constant load; but ‘the marine engirie. may be 
made heavy—the aviation engine must: ‘be ‘light. 

Experience’ has taught that lightness must be ueckodaped in favor ‘of 
stiffness. and strength for all vital: parts;-such as-crank-shaft, crank-base; 
main bearings, ‘crank-pin and ee n-pin bearings; and that all possible 
lightness: must': be. gained: by hollow eo eae oe ‘inecombination with: 
matetials most: carefully. chosen. »-Coupled with these feattres must be 
found most thorough oiling at high pressure, with oil led ima positive: 
manner to: all | vital: points. Miuchi vexperimenting ‘must be done, even after 
careful design) to arrive at a proper: distribution: of ‘oil.. : *Clearatices,' oil: 
aperturesand oil viscosity (hot) mustbe balanced); 2 { 

Poppet valves must close on: seatsi'that are thoroughly: ied Exhaust 
valves rum cherry-réd hot at best. Proportions and moore of Getgy ctabat 

avoid warping and breakage. 84D f 

Ignition :is + pri in complete: duplicate for’ ne ‘eiarider: “Magnetos 

must be pelle ae Be and driven in such a manner as to minimize vibration: 

es have been of mechanital failure more than ‘electrical, 
and Pome direct. result ‘of excessive strains due to rigid a couplings. 
Wiring must be carefully conducted and fastened to prevent ailure from 
chafing, following excessive vibration. ©” 

“Spark plugs have been the cause of more trouble and: unce ty than 
any other: single item of aviation engine detail. The’ prime aiticalty has 
been to keep the plugcool.. A cool location must be provided*in™ the 
design. The plug must not extend so farinto: the catiiviegs chamber ’as 
to be seriously flame-swept, nor must it be deep ina hole or ‘recess with 
delayed and irregular ignition.. The: plug itself ‘must. be: gas-tight to pre- 
vent “blow by” and «resulting! overheat. The plug that satisfies the auto- 
mobile) engine ‘will ‘fail quickly’ under: aviation ' service.»: This defect is 
more serious::than appreciated; ‘and must be! guarded ‘against. It is: not 
easy to locate, :as' oftem:assumed. » Frequent:change! of plugs is: now re-' 
sorted to in the interest of reliability. Close attention to the foregoing’ 
and simple items will surely increase spark-plug life and engine reliability 














NOTES. 809 


oma a no = mystery : on ‘an aviation engine than about any 
other, w. ae truth is k 


One ki ‘and fifteen. pounds per square inch mean e tive press re 
is very hard to handle in connection with a light es ho his 
ne cctier ailaiee OF moti dine OF SP FE ccins 

The of moving parts is necessary airplane strtic- 


ture is very sensitive to vibrat on, and the occupants are seriously dis- 
turbed by’an éngine not * onto 
; Tented distribution of ae Rive | Piaitey is A Featisite. The 

elicat Z y ce of irr ar im- 
pulses.’ Carburetor ra um , writs, Bas e tanks 
and piping, a ee itor and propellers all fail'to a serious extent in 
the presence vibration. 

Simplicity of ‘design, with the smallest possible number of parts, must 
be the aim. Each additional screw, joint, part or accessory increases 
chance of trouble in the air. The ‘failure of such detail may cause a 
forced landin a ‘surely as ‘the failure of a vital part. — 

The fire risk’may be mimimized such design of engine 6 compartment 
as will promote the movement of a large volume of air in.and out of the 
engine compartment—in such a way as to carry gasoline or gas ‘clear of 


the airplane body ‘and operator’s cockpit. Without an, accumulation of 
gasoline the danger ‘is ‘small. 





ENGINE WORKMANSHIP. 







“The keynote of this feature is that quality must come first, cost ‘egond 
Jast.. Time must be taken to arrive at. the desired accuracy. or 
me.and money must be spent to balance ,Teciprocating. parts. A tingit of 
1 per cent. diffe erence of re tale for all sol ap and. some .in an engine is 
reais 1, in em E : ired, 


bat ~~ ae eae 








The, m "ompetion Be: 
is no .¢ on in pie yet. e att is too new. P orm- 
ance, sete nat + iy ‘best in. esign, -matefial and workmanship will 
su 

Tt i is is fotéible that too much time and money are — spent; but at this 
time experience has not sesiod great enough to be certain of this. Con- 
tinued. use over 2.. long of time 1 determine. During; the youth 
of. the industry is no Py ‘tin ¢ to take a ‘chance. 
Quality and safety come first. 
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ENGINE MATERIALS: 


Excellent material is required for a motor-car engine, which is: rarely 
worked to anywhere nezr its limit of power. Take for an-example a 40 
horsepower engine. It runs quietly about, over roads. neatly level, with 
liberal lubricant for the work ‘being done and consuming hardly 25. per 
cent. (10 horsepower) of its rated power. 

Under comparable conditions an airplane engine uses. 75 per. cent. of its 
power. Lwbrication must be perfect, not nearly..so. 

Further: a motor-car engine of 672 cubic inches, capacity. is. given a 
normal rating of 65 horsepower. An.aviation engine of the same. yolume is 
rated at 154 horsepower. As a motor-car engine not over 25.per cent., or 
16 horsepower, would be ordinarily used, but as an aviation engine not 
less. than 75 per cent., or 114 horsepower, would be habitually used, a ratio 
of about 7 to 1. 

In addition, the. aviation engine is built as light as possible, say about 
one-half the weight for a given piston displacement. Roughly speaking, 
this represents a punishment of material within the aviation engine 14 
times as severe as that in the motor-car engine, 

The. present life of an aviation engine indicates severe punishment. Up 
to the time when a complete overhaul is necessary this life is about 50 
hours, at, say, 100 miles per hour, or a total of 5,000 miles. A motor-car 
engine runs about 25,000 miles up to the time when an overhaul repair is 
necessary. The speed cannot average over 25 miles per hour. This means 
1,000 hours’ operation, or 20 times that of the aviation engine. 

A severe test. of endurance for the motor-car engine under shop or 
laboratory conditions, and where destruction of the engine is invited and 
closely approached, is under.a development of power of about 0.15 horse- 
power per cubic inch displacement. It is considered a fine performance 
for a stock motor-car engine to last 300 hours under this load. The 
aviation engine must. do not less than this at any time and with 100 per 
cent. score. Otherwise the engine is not a successful aviation engine. 

These are rough comparisons, but they show the relative severity of 
work. To meet these severe conditions the very best of steel for each 
engine part must be used. “ Best” means that money must not. hinder, 
but high-priced steel is not sure to be best. The highest of technical skill 
must be utilized: first, to select the steel from chemical. and physical 
soundness standpoints; second, to treat it in such a manner as to give the 
best possible endurance and the highest elastic limit consistent with the 
possibility of machining.. Here, again, money must not be a considera- 
tion. Slow methods may be necessary to work the material. 

The crank-shaft of a motor-car engine is usually so large and heavy as 
to permit the Use of steel having an elastic limit of about 70,000 pounds 
per square inch and with a physical structure not very highly refined. by 
heat treatment. Experience has shown this to be good practice. 

The crank-shaft of an airplane. engine may be more.in diameter, but 
hollow to such an extent as to demand the highest elastic limit that can 
be machined, say from 120,000 to 140,000 pounds per square inch, with a 
reduction of area, denoting the highest refinement of grain, of: 50 per 
cent. or more. 

The lighter parts of a motor-car engine, such as valve rocker arms, are 
given a toughening treatment for a fair forging steel, say 60,000 to 80,000 
pounds per square inch elastic limit. The rocker arms. of an airplane 
engine are so ight and delicate as to require a fine alloy, steel most care- 
fully treated to give resistance to vibration and alternate stress. be 
elastic limit should also be in the neighborhood of 130,000 pounds 
square inch. This, coupled with hardness at certain points, brings a di. 
tional care and expense. 
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The: highest intelligence and widest experience are neededito arrive at 
the»proper combination of hardness and toughness and endurance. Ex- 
perimental: work to the point of actual failure is necessary to arrive at the 
—— limit of endurance. In the aviation engine the extreme is 
sought. 

A decade hence there will exist an accumulation of empirical knowledge. 
Extremes will then be less common or else the extreme: of today will be 
the commonplace ‘of the future. Experience will repeat in aviation as in 
many other industries and arts. 





THE 260 H.P. MERCEDES. 


The’ engine forming the subject of the present notes is the latest type 260 
H.P. Mercédés, and the accompanying drawings and details have been col- 
lected from an investigation of the twin engines taken from a captured 
three-seater “Gotha” biplane of the pusher type. 

The engine is naturally of considerable size, and in connection with 
these larger types of enemy aircraft engine, the 260 H.P. Mercédés is 
typical of Gernian ideas at the moment. It may be regarded as practically 
a magnified edition of the smaller ones, and much of the detail design is 
similar. One of the Mercédés engines was obtained little damaged, with 
the result that after certain repairs had been carried out it was put through 
a bench test, when particulars as to B.H.P., consumption, etc., were taken. 

In many respects and in general constructural detail these engines re- 
semble the 160 H.P. Mercédés, and follow the usual German practice for 
aircraft engines of this type. Six separate vertical cylinders, water cooled, 
with a massive six-throw crankshaft running on plain bearings, are the 
outstanding characteristics, the design throughout aiming at strength and 
reliability, combined with ease of manufacture, rather than extremely low 
weight per B.H.P. Although, of course, of considerable size, the whole 
engine is of very homogeneous and clean design throughout, as will be seen 
from the accompanying illustrations. The complete engine, including the 
propeller boss, measures 6 feet 5% inches overall, and from the bottom of 
the sump to the top of the overhead camshaft casing méasures approxi- 
mately 3 feet 10 inches. The bore of the cylinders is 160 mm. and the 
stroke 180 mm. Four valves—i. ¢., two inlet and two exhaust—are ar- 
ranged in the head of each cylinder, and these are operated by an overhead 
camshaft running in a separate housing, supported on brackets. screwed into 
the cylinder heads; the valves are interchangeable. 

The half compression device is operated by sliding the camshaft in the 
usual manner, and the arrangement is similar to that adopted on the 160 
H.P. Mercédés; the actuating gear is fitted to the rear end of the shaft 
casing. 

The induction pipe takes its air supply through the base chamber, to the 
rear. end of which it is attached, and a 4-inch diameter passage is cast in 
the base for this purpose. A simple.type of two-jet carburetor is employed. 

The main bearing caps are cast integral with the bottom half of 
the crank case, and the long bolts that secure them pass through the 
top half of the crank case, and are used for securing the cylinders by 
means of triangular clamps. 

Forced lubrication is, of course, employed, the bearings and journals 
being supplied through the drilled crankshaft and suitable oilways.: A 
four-throw eccentric-driven plunger pump of similar but improved 
design to that used on the 160 H.P. Mercédés type is fitted, .An 

“ auxiliary” sump in the front end of the. crank case is embodied, and 
small supplementary pump plungers, which work in conjunction with 








812 NOTES. 


the main oil pump, feed fresh oil into the system from the'setvicé oil 
tank. Full'particulars ofthe lubrication system and the :somewhat 
complicated oil pump are given, with other details of the engine; in the 
pages that follow. 3 

Two Bosch Z.H.6 magnetos are fitted, and these are driven off :the 
vertical camshaft ‘driving: spindle. ‘The spark plugs are fitted, of 
course, on the induction side of the cylinders: VI 

The. water-pump ‘driving’ spindle is lubricated whilst in flight by 
means of a ratchet-driven grease gun or pump, worked by a cable and 
lever from the pilot’s seat. An electrical tachometer is driven at 
cet speed from the rear end of the camshaft through a flexible 
shaft. ' “tis 

At the opposite end of the engine to the half compression actuating 
gear a small. direct-driven plunger pump is fitted for providing air 
pressure to the fuel tank, while just beneath, and attached to, one of 
the pipes, a trap is fixed to prevent oil, which returns to the sump via 
the oil-pump casing, getting into the air-pressiire supply. A spindle 
beneath,.and, on the same center. line as the vertical. camshaft driving 
spindle, drives the water pump, which is arranged with a plain, dog 
coupling, so;that it may be easily. withdrawn. should .this, become 
necessary for any purpose. . coor tie: 

A feature.in the construction of these engines is the general use. of 
soft mild steel for such parts.as the lubrication pipes, etc, This. fea- 
ture may lead to the. fallacious, conclusion that the enemy has adopted 
mild steel owing to shortage of copper, whereas this practice has been 
standard with the Mercédés Co. for many years—certainly since long 
before the war. > i 

Such is the general layout, of the, engine; the following are the more 
intimate details, 


CYLINDERS. 


The general construction of the built-up cylinders, composed entirely of 
steel machined all over, and sheet steel pressed to the formation of the 
water jackets, presents an interesting example of. expert acetylene welding. 
The building-up methods applied to the cylinders. and their general con- 
struction are clearly shown in Fig, 1. The cylinder barrels are screwed 
into the cylinder head, the pitch of the thread being 1.75 mm. They are 
machined from forgings or billets, and the cylinder walls taper in section 
from 3.5 mm. at the top to 6 mm. at the holding-down or base flange. Six 
stiffening ribs are arranged, the distance between the ribs increasing 
towards the base of the cylinder. The barrels éxtend 35 mm. below the 
base flanges, and are of 3 mm. thickness for the depth of 12 mm., forming 
the register, the extension being then réduced to 2.75 mm., presumably as 
register clearance and to reduce the amount of limit machining. } 

Steel forgings are employed for the cylinder heads, and into these are 
built the four valve pockets, and also the inlet and exhaust ports. The 
seatings for the valves are machined in the cylinder heads, and the.thick- 
ness of the crown of the heads is 11 mm. ‘The valve pockets are also 
machined from steel forgings, and are acetylene-welded into the cylinder 
heads. Steel valve-stem guides are welded into ‘the valve pockets, and 
phosphor: bronze bushes ‘are’ pressed ‘into’ the guides: It will be noticed 
vat me exhaust-valve guide is arranged with greater water space than 

e inlet. ; . a nd he : 

The water jackets are built up in four sections from sheet-steel’ pressings 
1.25. mm. in thickness, the Wve section of the’jacket being of‘ barrel 
formation and welded to the flange joint on the cylinder walls: The top 
sections are in “halyes and‘ encircle the valve pockets, the joints being 
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welded vertically on the-center line of the valve ports, +A sheet-steel disc 

is welded on to the flanged top. sections to form the-top of the jacket, 

and the water-circulation, pipe connections are welded. into the top and 

bottom of the jackets on the exhaust. side.. The spark-plug bosses are 

tard ond: neldadi into the cylinder barrels on the induction side just, below 
e inlet valves. 
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As _ in the 160 H.P. Mercédés engines, the exhaust yalve ‘guides are 
water-cooled by recesses formed in each of the exhaust valve pockets, so 
that the water is led right up to the valve-stem guides. Considering the 
size of the cylinders, they are remarkably light in weight. The complete 
cylinder, with valves and valve springs, etc., and including the two brackets 
screwed into the cylinder head to carry the camshaft, weighs 34.25 pounds. 


“PISTONS, © x gee 
These are constructed in two parts—namely, the head ‘which carries the 
gudgeon pin and the skirt of ‘the piston into which the head is screwed. A 
steel forging machined all over forms the head, the thickness of the crown 
being &5 mm:; it‘is slightly domed, as shown in Fig.'2. The skirt of the 
piston is: screwed on to the head and ‘acetylene welded at the joint, ‘cast 
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iron being used’ for this portion: Three compression rings are’ fitted in 
grooves in the cast-iron: skirt above the gudgeon pin, while a scraper ‘ring 
is fitted at the base of the piston. The ‘width of the Tings is 5 mm., and 
all the rings ate split with a simple’diagonal gap cup at 45 degrees; no 
locating pegs are fitted to maintain their positions. The gudgeon pin, 
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Fig. 2. 
Arrangement of piston, gudgeoa pin, sad bush. 


which is 37 mm. diameter, projects through the bosses in the piston head 
and fits into the piston skirt flush with the outside diameter. It is fixed 
by an 8 mm. set screw, passing into the end of the gudgeon pin and 
through the boss, being locked by a split pin on the inside. The weight 
of the complete piston with gudgeon pin and bush is 11 pounds. 


VALVES AND VALVE-GEAR, 


As previously mentioned, the twin inlet and exhaust valves are inter- 
changeable, the maximum diameter of the head of all valves being 60 mm., 
while the port diameter is 55.25 mm. The lift of both the inlet and exhaust 
valves is 10 mm., and the clearance between the end of valve stem and 
adjustment screw of the focker arm is .018 inch. The general arrange- 
ment of the valves and rocker arms is clearly shown in Fig. 3. 

The valves are operated by a single overhead camshaft, enclosed in a 
housing of special alloy machined all over. It is supported on T brackets 
on the cylinder head, two to each cylinder. The camshaft runs on seven 
phosphor bronze plain bearings, which are mounted in alumintim bushes 
fitted into the camshaft housing and located by a tapered grub screw. 

The method of operating the twin valves off one cam and the general 
design of the camshaft and camshaft housing are interesting; details of 
this arrangement are also shown in Fig. 3. The spindle of each rocking 
lever is mounted on three bearings in the camshaft housing, and is so 
designed that the cam operates the arm.of the rocking lever inside the cain- 
shaft housing, whilst the other arm of the rocker operates the valve out- 
side the casing, this arm working between two outer bearings of the 
rocker spindle situated between the separated compartments of the cam- 
shaft casing. On the end of the outer rocker arm a double-branch tappet 
arm is fixed which operates the twin valves. (See Figs. 4 and 5.) Al- 
though these branch arms should not move upon the valve rocker, they are 
not secured by a set-screw or taper pin; being merely pressed on-to the 
ends of the rocker arm, they are easily driven off, and probably are so ar- 
ranged in order that they may automatically equalize any variation in 
valve-stem length that develops in work. The spindles of the valve rockers 
are carried directly in the camshaft housing, no gunmetal or other bushes 
being fitted. The inner arms of the rocker levers in contact with the 
cams are fitted with hardened-steel rollers. 

The diameter of the valve stems is. 11 mm., and. each valve works in a 
phosphor bronze bush in the valve-stem guide, as already mentioned. All 
valves are set at an angle of 15: degrees to the cylinder center line, and 
single helical valve springs are fitted; They measure 39 mm. at the base of 
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the coil and taper to 31 mm. at the top. Conical split nuts, locked by the 
pressure of the valve spring on its washer, locate the springs on the valve 
stems; details of this arrangement are shown in the illustrations. 
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Fige 3. 
Arrangement of camshaft and half comptession gear. 


CAMSHAFT DRIVE AND HALF COMPRESSION GEAR. 


The camshaft, as previously mentioned, is driven through a vertical shaft 
by the main distribution bevel pinion mounted on the end of the crank- 
shaft by four splines. The method of attaching the bevel pinion to the 
top end of the vertical driving spindle is interesting. The fixing of this 
pinion is so designed that it may be adjusted for mésh in relation to the 
teeth of the camshaft-driven bevel wheel. Details of this gear and its 
fixing arrangement are shown in Fig. 6. The end of the shaft is 23 mm. 
in diameter and ground parallel; it is fitted with a key, and on this the 
bevel pinion is a push fit. A ground extension sleeve, tapered and screwed 
as shown in Fig. 6, is arranged on the bottom of the pinion, this sleeve 
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Fig. 6. 
Camshaft driving pinion. 


being split by four saw cuts, so that the application of the screwed collar 
closes in the slots and so locks the bevel on the shaft. 


HALF COMPRESSION GEAR. 


This is similar in design to that fitted on the 160 H.P. Mercédés engines, 
in which the camshaft is designed to slide longitudinally in its bearings 
and bring into operation a small cam situated on the mid-neutral axis of 
the exhaust cam proper. Sliding movement of the camshaft in its bearings - 
is provided by arranging the camshaft driving bevel wheel upon castella- 
tions on the end of the camshaft. The camshaft driving wheel is mounted 
in a split gun-metal bearing in the rear end of the camshaft housing, and 
the sliding movement of the camshaft is effected by means of a hand lever 
set at right angles to the axis of the camshaft, and to which is attached. a 
gun-metal collar screwed inside with a five-start square thread of 23 mm. 
























FIG. 4:—VALVES AND VALVE ROCKER ARMS. 
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FIG. 5.—FRONT END OF CAMSHAFT AND VALVE ROCKERS. 




















Fic, 8.—CONNECTING Rop, PISTON, GUDGEON PIN AND BUSH. 
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pitch. This collar, which is located in an aluminum housing, engages with 
a corresponding screw thread cut on the outer diameter of a steel sleeve. 
Inside the sleeve is a double ball thrust, which is fixed to the rear end of 
the camshaft, so that in operation the movement of the half compression 
lever about the axis of the camshaft rotates the quick-thread screw in the 
sleeve, thus pulling or pushing the end of the camshaft in its bearings 
through the castellations of the camshaft-driving bevel wheel. When 
the camshaft is drawn to its limit of movement towards the rear, the half- 
compression cam is drawn into line with the roller end of the exhaust- 
valve rocker arm, giving the requisite lift to the exhaust valves. The 
half-compression cam opens the exhaust valve near the end of the com- 
pression stroke. 

The hardened-steel rollers on the cam rocker arms are chamfered off at 
45 degrees on one side to allow of easy engagement of the half-compres- 
sion cam, which is also chamfered at 45 degrees. The gear is clearly 
illustrated in the drawing of the rear end of the camshaft driving gear. 


CONNECTING RODS. 


These are of normal design and consist of H-section forgings. They 
measure 326 mm. between centers, and the total weight of the complete con- 
necting rod, including the small end bush, is 7 pounds. The weight of the 
big end complete is 4 pounds 14 ounces, and the weight of the small end 2 
pounds 2 ounces. The thickness of the center web of the H-section is 2.5 
mm., while that of the two flanges is 3.5mm. The diameter of the big end 
bearings is 64 mm. and the length 80 mm. These are split in the usual 
manner and held by four 12 mm. bolts. 



































Fig. 7. 
Conneeting rod. 


The distinctive feature of the connecting rods is the floating gudgeon- 
pin bush, the design of which is similar to that used on the 160 H.P. 
Mercédés. The bush is of hardened steel, ground 2.5 mm. in thickness, the 
outside diameter being 42 mm. and the inner diameter is 32 mm. The bush 
is a running fit in the small end and also on the gudgeon pin, and is pierced 
by fourteen 5 mm. holes in the same manner as that adopted upon the 
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floating sleeves of commercial vehicle road wheels. Oil is supplied by a 
6-mm. pipe leading upwards from the big end bearings. The pipe is of soft 
mild steel, and attached to the web of the connecting rod by two riveted 
clips. Details of the connecting rods and floating gudgeon pin bush are 
shown in Figs. 7 and 8. 

CRANKSHAFT. 


The six-throw crankshaft, which is of very massive design, weighs 139.5 
pounds, including the propeller boss. The cranks are set at 120 degrees, 
and the diameter of both the crank pins and journals is 64 mm. The 
length of the front journal bearing next to the propeller is 104 mm., and 
the length of all the other crankshaft bearings is 64 mm. The thickness 
and the width of the crank webs increases towards the front end of the 
crankshaft, so that the thickness of the front web is 29 mm., that of the 
second 28 mm., while the remainder are all 27 mm. in thickness. 

The crankshaft is hollow, and the webs are drilled for the passage of oil 
from the journals to the crank pins for lubricating the big end bearings 
in the usual manner. The holes bored in the journals and crank pins for 
lightening purposes are of decreasing diameters, as follows: 


Internal Diameter of Hollow Crankshaft Journals. 


Prop ens Hes eR. 1. 2. 8. 4. 5. 6. 
Oil: pumps Ai. ks A 32mm. 33 mm. 35mm. 38mm. 40 mm, 41 mm. 
Internal Diameter of Hollow Crank Pins. 

Propiend 46s... eis ee. 1. 2. 3. 4. 5. 6. 
Od “pump cvies For. hohe 35 mm. 35mm. 35mm. 38 mm. 40mm. 41mm. 


The ends of the hollow journals and crank pins are plugged with sheet- 
steel caps, which are driven into the cranks and then expanded into an 
annular groove cut on the inside. 

To take the propeller thrust a ball thrust washer 110 mm. diameter is 
provided on the front end of the front journal bearing. It is mounted in a 
split cage, which is held in the housing of the crank case halves. The 
propeller boss is mounted on a taper on the crankshaft, and a single key, 
120 mm. long and 13 mm. wide, is sunk in the crankshaft parallel to the 
taper. 

The front flange and the boss are arranged with six shallow castellations, 
each 29 mm. wide, and the propeller is clamped by six 18 mm. bolts on a 
230-mm. diameter pitch circle. The propeller boss and the front flange are 
both locked on the shaft by the usual Mercédés locking device, as shown 
in the drawings of the boss, Fig. 9. 





CRANK CASE. 


The very clean design of the crank case is evident from the illustrations, 
and, furthermore, it is of very light section considering the size of the 
engine, the average thickness of the walls of the casing being 6 mm. The 
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top and bottom halves are bolted together in the usual way by twenty-six 
— hollow bolts through the flange on the center level of the crank- 
shaft. 

As already mentioned, the crankshaft main bearing caps are cast as part 
of the bottom half of the crank chamber, and the long 20-mm. bolts which 
secure the bearings caps at the bottom pass through the top half of the 
crank case and act as the holding-down bolts for the cylinders, which are 
held in position by triangular bridge clamps. The bottom ends of the 
cylinder barrels extend past the base flanges, registering into the top of the 
crank case, and the holding-down bolts clamp each cylinder-base flange at 
four points by the bridge pieces, or dogs, arranged between each pair of 
cylinders. 

Below the crank chamber at the rear end is situated the main oil sump, 
which contains the oil pump, and in the front end of the base-chamber 
casting below the false bottom is an auxiliary-service oil sump, into which 
the return oil from the circulation system drains through a wire-gauze 
filter. 

The central portion of the base-chamber casting, between the two 
sumps, forms an air chamber for the dual purpose of cooling the oil and 
warming the air supplied to the intake of the carburetor. Exterior air is 
led by two ventilating funnels on each side of the crank case into two 
oval ports in the base-chamber casting, and a number of fins are cast on 
the underside of the false bottom inside the base-chamber for cooling 
purposes, 

The air intake to the carburetor is 4 inches in diameter, and it is cast in 
the left-hand side of the crank chamber and base, as shown in the general 
arrangement drawings of the engine. Cooling fins are also cast on the 
underside of the sump, and four breathers are fitted into the top half of 
the crank chamber between the webs of the main bearing housings. 


LUBRICATION. 


Although the general lubrication system of the engine is arranged on 
normal principles, it appears advisable to deal with the various details of 
the somewhat complicated plunger-type oil pump, and to describe their 
different functions in relation to the method of lubricating the various 
parts of the engine. The system may be sub-divided into three circuits: 

(a) The main pressure circuit, in which oil is drawn from the main oil, 
sump at the rear of the engine and forced to the crankshaft connecting 
rods, camshaft bearings, etc. 

(b) The supplementary pressure system that works in conjunction with 
the main high-pressure system, in which two auxiliary plungers of the 
main oil pump draw a small charge of fresh oil from the service oil tank 
at every stroke, and thus keep the main circulation supplied with a certain 
quantity of fresh oil. 

(c) A suction “scavenging” circuit, which supplies the main oil sump 
from the auxiliary drain sump at the front of the base chamber, the work- 
ing oil level being maintained in the rear sump by a secondary suction 
pump that draws off the oil above the oil level through an overflow pipe 
and returns it to the service oil tank. 


THE OIL PUMP, 


Two main plungers for suction and delivery are employed, while three 
auxiliary plungers are suspended from one of the main pump plungers; 
these work in conjunction with piston-valve plungers at the sides of the 
main pump. 









Section thro. Valve "X” 





Section thro. Pump “A” 
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Each pump and valve plunger is operated by an eccentric, and the 
eccentric spindle is arranged transversely to the engine crankshaft; it is 
driven by worm gear from a layshaft at a 17 to 1 ratio to engine speed. 
The layshaft is driven by bevel gearing from the vertical driving-shaft of 
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Cross section through cylinder and.crank case. 


the water pump, this being in turn driven from the main bevel-gear 
pinion on the rear end of the crankshaft, as shown in the general arrange- 
ment drawing of the engine, Fig. 11. 
- The functioning of the oil pump will perhaps best be grasped by refer- 
ence to the diagrammatic section (Fig. 12), and, considering first the 
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main pressure system of lubrication to the main bearings, its action is as 
follows: Oil is drawn from the main sump through the wire-gauze filter 
in the bottom of the oil-pump body by the suction of the main plunger 
pump A through the port B (which is cut in the bottom of the pump bar- 
rel), in conjunction with the piston valve C, when the latter is in the open 
position with the port B. 

On the downward stroke of the main plunger A the oil is forced 
through the port B, and the annular space above the piston valve C, 
through the main delivery pipe D, to the main bearings, when the piston 
valve C has uncovered the port B on its downward stroke. 

Simultaneously, and in conjunction with the main plunger A, the auxil- 
iary plunger E, which is fitted to the bottom of the plunger A, draws a 
charge of fresh oil on its upward stroke. This charge is taken through a 
port in the bottom end of the valve plunger from the oil-service tank, 
through the pipe G, and on the downward stroke of the plunger pump E; 
the charge of oil is forced upwards through the hollow-valve plunger, 
through the port H, and through a hole in the stem of the plunger, which 
communicates with the main oil delivery pipe D, to the main bearings. At 
the same time, and in the same sequence, the twin plunger EI draws fresh 
oil from the service tank, and forces the charge to the camshaft bearings 
through the pipe J, the oil entering the front end of the camshaft through 
the hollow spindle of the air pump, which is attached to the front end of 
the camshaft casing. In its passage through the hollow camshaft the oil 
under pressure is fed through small holes and oil grooves cut in each of 
the camshaft bearings. 

The camshaft rocker-arm spindles are lubricated by oil thrown off the 
revolving cams, which deliver oil into two holes drilled side by side in the 
upper portion of the hollow rocker-arm spindles. These holes communi- 
cate with the bearings by small holes drilled radially in the spindle. The 
lubrication of the rocker arm does not appear to have been very efficiently 
carried out, as it was noticed that one or more of the spindles had com- 
menced to seize in the cast-iron bracket in the camshaft casing. 

No outlet holes are provided in the rear end of the camshaft for the 
egress of oil; consequently the camshaft is entirely under a constant oil 
pressure, which finds its way through the bearings into the troughs in the 
bottom of the camshaft housing. The overflow oil returns to the crank- 
case via the air pump, escaping therefrom at the bottom of the air-pump 
crank case by a 12mm. pipe running down to the front end of the engine. 
At the rear end of the camshaft casing oil escapes down the hollow vertical 
shaft, oil channels being cut in the underside of each of the camshaft- 
bearing bushes for the purpose. 

The oil that has thus returned by gravity to the crank case is led into 
the oil sump at the rear through two holes 30 mm. diameter, drilled in 
the false bottom of the base, and at the forward end of the crank chamber 
the oil flows into the front auxiliary sump through a wire-gauze filter 
already referred to. 

From the front, or auxiliary, sump the oil is drawn by the “ scavenger” 
pump K, Fig. 12, through the port L (cut in the bottom of the barrel), the 
piston valve M being in its upward position. The oil therefore enters the 
pump through the large suction pipe N, and is discharged on the down- 
ward stroke of the pump plunger K into the sump through the port P, 
drilled in the side of the piston-valve barrel. 

To maintain the correct working oil level in the sump, a third plunger 
R, also attached to the bottom of the main plunger pump A, draws off, 
through the bent-over suction pipe S, any surplus oil above the working 
level in the sump, and returns it to the oil-service tank through the pipe 
T, on the downward stroke of the plunger R, this plunger working in con- 
junction with the piston valve V, which is flexibly attached to the bottom 
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of the suction pump K, in a slot cut in the face of the pump. In the main 
pressure delivery pipe to the crankshaft bearings, and directly above the 
oil pump, the pulsation-damper valve is located. The details of this valve 
are shown in Fig. 10, while its exact position may be seen by reference to 
the general arrangement drawing of the engine, Fig. 11. 
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Fig. 10. 
Oil pulsation damper valve. 


In operation the pulsations of the oil-pump plungers are damped out in 
the delivery pipe’ by the cushioning effect of the spring-loaded plunger, 
which communicates direct with the sump on its underside. The bottom 
face of the plunger is prevented from reaching the bottom of the barrel 
by a small set screw in the base. 

The lubrication of the crankshaft and connecting-rod bearings is on 
standard lines, and has already been referred to; details of this are 
shown in the general arrangement of the engine. 


CARBURETOR AND INDUCTION SYSTEM. 


Notwithstanding the large size of the engine, only one carburetor is 
employed, and, as will be seen from the illustrations, this is situated low 
down at the.rear end of the crank case. Below the float chamber a petrol- 
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filter chamber is attached, the petrol entering through a gauze cylindrical 
filter tube that is screwed into the top of the filter chamber, as shown in 
Fig. 13. Petrol enters the bottom of the float chamber, which is of the 
ordinary balanced needle valve type. 

The main jet, which is a plain tube having an orifice of 2.3 mm. diame- 
ter, is situated in the center of the intake inside the choke tube. The 
choke tube is 32 mm. diameter at the waist and 54 mm. diameter at the 
largest diameter top and bottom. A barrel-type of throttle valve is ar- 
ranged, 80 mm. in diameter, and mounted on the ball bearings at each end. 
The races are 35 mm. diameter, and are located in recesses turned in the 
end covers of the gun-metal throttle-valve liner, which is pressed into the 
cast-aluminum body of the carburetor. The semi-elliptical ports in the 
throttle valve are 80 mm. long by 50 mm. wide at the bottom side and 80 
mm. by 55 mm. at the top. 

The pilot jet, which is the same length as the main jet, is .9 mm. bore 
at the orifice, and is situated at the side of the intake passage. It communi- 
cates with an annular groove machined around the outer end of the 
throttle-valve linér in the body of the carburetor. From this annular chan- 














Fig 12. 
Diogram of oil pump. 


nel a passage communicates with the induction pipe just above the throttle 
valve, which when closed draws air through a V slot cut in the barrel of 
the throttle. 

A conical suction valve supplies extra air automatically at all speeds 
through eight holes, 14 mm. diameter, drilled in the annular seating which 
surrounds the base of the choke tube. The air to the carburetor, as 
already mentioned, is taken through the interior of the base chamber; the 
diameter of the air intake passage is 100 mm., and it extends inside the 
crank case to the center of the engine. 

The throttle valve is water jacketed by pipes leading from the main 
water-circulation pipe to water spaces cast in the body of the carburetor 
around the throttle valve. 

INDUCTION PIPE. 


The diameter of the induction pipe at the joint where it meets carburetor 
is 70 mm., this diameter increasing to 100 mm. towards the engine, where 
it takes a right-angled bend. It is lagged with asbestos cord up to this 
point. : 

The design of the top portion of the induction pipe is interesting, the 
gas being led to the center of the engine by the 100-mm. pipe, whence it 
enters two branches 70 mm. diameter, through a port 100 mm. diameter. 
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The two branches lead outwards to the inlet ports, three, of course, on 
either side of the main entry. One-half of the branch is enclosed by the 
main induction pipe. The cylinder ports are 85 mm. long and 50 mm. 
wide. 
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Fig 13 
Arrangement of carburetter 


IGNITION, 


Two Bosch magnetos, type Z.H.6, are mounted transversely to the 
crankshaft upon a bracket at the rear end of the crank case, one being a 
starter magneto used in conjunction with a hand-starter dynamo. ‘The 
magnetos are driven by bevel gears directly off the’ vertical camshaft 
driving spindle, the direction of rotation of both being anti-clockwise. 
The arrangement of the magneto driving gear is shown in Fig. 14. 

All twelve sparking plugs are fitted on the inlet side of the engine, and 
are situated directly below the inlet valves, the high-tension wire being 



































3 Fig, 14 
Arrangement of camshaft vertical drive, 
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carried in two fiber tubes attached to the side of the cylinders on the inlet 
side. 
AIR PUMP. 


Fig. 15 shows details of the air pump, which is driven off the front end 
of the camshaft; the bore is 26 mm. and the stroke 27 mm. An adjusting 
screw is fitted above the release valve for regulating the strength of the 
spring, the released pressure being taken through the hollow stem of the 
adjusting screw. An oil trap is provided just. below the pump to retain 
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Fig. 15. 
Arrangement of air pump. 


any surplus oil which may find its way past the air-pump valve and ‘nto 
the pressure pipe. 

An electrical tachometer is driven through a flexible driving cable at 
engine speed off the rear end of. the camshaft. 


WATER PUMP, 


The water-pump spindle is driven by a vertical shaft through a bevel 
gear on the end of the crankshaft, and in the same vertical axis as the 
camshaft driving spindle. The pump is attached by a flange to the bottom 
of the sump, next to the oil pump. Fig. 16 shows the constructional 
details of the pump, which is of the centrifugal type, the water entering 
below the bottom flanged cover through a 45-mm. diameter port below the 
rotor. The water is delivered centrifugally from the vanes between the 
top and bottom discs of the ~otor, which is also fitted with vanes upon 
its top side to throw the wuter away from the spindle. No packing 
glands are provided for the driving spindle, but a hardened-steel washer is 
set into a recess machined in the upper face of the rotor, and this is kept in 
uniform contact with the face of the phosphor bronze spindle bush by the 
action of a light spring that is fitted under a ball-thrust race at the 
driving end of the spindle. The diameter of the outlet passages from the 
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water pump to the cylinders is 45 mm. Double-inlet water connections 
between each of the six cylinders supply the water jackets at the top and 
bottom, the diameter of the steel circulation pipes being 40 mm. 

The foregoing notes will give a very fair idea of the layout and detail 
design of the engine. The figures, analyses of materials, are in process of 
preparation by the Naval and Military authorities, and we hope to include 
these further details in a near issue. 

With regard to the actual detail construction of the 260 H.P. Mercédés 
engine, practically the only point of novelty is the scheme adopted on the 
built-up cylinder and head. It is difficult to arrange for valves per cylin- 
der with satisfactory water spaces, and it should be noted that the valve 
arrangement on the Mercédés engine is practically good in this respect, 
ample room for free water circulation being provided. The importance 
of this point becomes increasingly evident on an engine of the dimensions 
of the 260 H.P. Mercédés, not only on account of immediate cooling 
problems in running, but in the subsequent effect of such heat and the 
dangers of distortion in a cylinder of large size. 





Fig. 16, 
Water pump, with greaser and its actuating ratchet. 


The details of the built-up cylinder and head are all different from any 
other engine that has at present emanated from Germany, and, occurring 
in an engine of the Mercédés manufacture, this departure is the more 
marked, because it is an entirely new scheme for this particular firm to 
adopt. The trend of design on the 260 H.P. Mercédés cylinders and heads 
is most markedly towards Maybach practice, and the inference to be 
drawn is that this particular system has proved itself eminently satisfac- 
tory in practice. 

The 260 H.P. Mercédés, it must be adinitted, is a workmanlike and 
nicely completed job, homogeneous in its general layout, and with many 
minor pleasing points for the scrutinizing designer—‘ Aerial Age 
Weekly.’ 
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BOOK REVIEW. 





LUBRICATING ENGINEER’S HANDBOOK. By JOHN ROME 
BATTLE, B. S.in M. E. Published by J. B. Lipprncorr Co., 
Philadelphia, Penn., 1916. Cloth; 6 X 9 in.; 333 pp.; 114 
illustrations; 25 tables. Price, $4.00. 

This is a reference book of data and tables and general in- 
formation for designers of machinery, operating engineers, 
owners and general managers, purchasing agents, lubricating 
oil salesmen and manufacturers of lubricants, written from 
actual experience as a mechanical engineer and from years of 
association with the oil business. 

Its 37 chapters treat of the lubrication of practically every 
kind of machinery and should prove of interest to an engineer 
in any branch of mechanical work. A few of the features 
treated show its diversified scope, such as steam engines, air 
compressors, automobiles, coal-mining machinery, Diesel en- 
gines, electric cars, elevators, flour mills, refrigerating ma- 
chinery, marine oil engines, motors, dynamos, printing ma- 
chinery, locomotives, rolling mills, textile machinery, tur- 
bines, etc. 

The methods of testing lubricants are very well outlined, 
together with descriptions of the various instruments required 
for testing. 

The book contains a great deal of practical data which 
would make it of value to the operating engineer. It might 
have a wider field of usefulness were more technical data con- . 
tained in the volume. A parallel volume presenting the same 
matter in a more technical manner would supplement this 
book very nicely. 
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There recently has been organized in Honolulu, Hawaii, 
The Engineering Societies Club of Hawaii, the present pre- 
requisite to eligibility for membership being membership of 
whatever grade in one of the following: 

American Society of Civil Engineers, 
American Society of Mechanical Engineers, 
American Institute of Mining Engineers, 
American Institute of Electrical Engineers, 
American Society of Naval Engineers; ’ 
American Railway Engineering Association, 
American Society for Testing Materials. 

The main purpose of the Club, as set forth in the notice re- 
ceived by the Secretary, is the entertainment of visitors from 
the various national organizations while in Honolulu and the 
Hawaiian Islands, and a cordial invitation is extended to any 
of the members of the above mentioned societies who may go 
to Hawaii to announce himself to the Secretary of the Club so 
that the various members may get into communication with 
him. 





The regular meeting of the Society for the nomination of 
officers for the year-1918 was held at the Navy Department, 
Washington, D. C., on Tuesday, October 2, 1917. The fol- 
lowing were nominated : 

For President : 

Captain H. P. Norton, U. S. N. 

For Secretary-Treasurer ; 

Lieutenant Commander F. W. Sterling, U. S. N. (Re- 
tired). 
55 
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For Member of Council : 
Captain T. W. Kinkaid, U. S. N. 
Captain W. Strother Smith, U. S. N. 
Naval Constructor Robert Stocker, U. S. N. 
Commander W. W. White, U. S..N. (Retired). 
Lieutenant Commander J. O. Fisher, U. S. N. 
Lieutenant Commander S. M. Robinson, U. S. N. 
Lieutenant Commander H: T. Dyer, U.S. N. 
Engineer Constructor John Q. Walton, U. S.‘ Coast 

Guard. 


The meeting for counting ballots cast will be ‘held at the 
Navy Department, Washington, D. C., on Saturday, Decem- 
ber 29, 1917. 

It was the sense of the meeting that, owing tothe unsettled 
conditions obtaining, it would be inadvisable to: hold a banquet 
of the Society during the year 1918. 

The following members and associates have joined the So- 
ciety since the publication of the last JouRNAL: 


MEMBERS, 


Piersol, W. Burton (ex-Naval officer) 325 South 44th St., 
Philadelphia, Pa. 


ASSOCIATES. 


Calhoun, Guy K., Professor of Mathematics, U. S. N. 

Charles, W. J., Ensign, N. N. V., Armed Draft Office, Park 
Barracks, Navy Yard, New York City. 

Conradson, Pontus, Chief Chemist, Galena-Signal Oil Co., 
Franklin, Pa. 

Petersen, Carl Edward, 5616 Fourth Avenue, Brooklyn, N. Y. 

Smith, Charles Howard, Consulting Engineer, 24 Broad St., 
New York City. 

Wherrett, W. H., Department M.'E. and N. C., Naval Acad- 

emy, Abnapotts Md. 
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ADDRESSES. 


In view of prevailing conditions the Secretary earnestly 
requests that each member keep him fully informed of the 
address to which the JOURNAL is to be delivered. 


A set of the JouRNAL, Vol. I to XXVIII, inclusive, is offered 
for sale. Vols. I to XXV, inclusive, are bound. Price for 
bound voluines $6.50 each ; for unbound volumes $5.00 each. 
All in good condition. Inquiries should be addressed “ J., 
care of Ametican Society of Naval Engineers, Navy Depart- 
ment, Washington, D. C.” 

















